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Voicing contrast and contrast reduction in Russian: 
Acoustics and perception 
 
by  Mayuki Matsui 
 
ABSTRACT OF THE DISSERTATION 
The present dissertation has two aims. One is to describe voicing contrast and contrast 
reduction of Russian obstruents (stops and fricatives) in terms of speech acoustics and 
perception. Another is to discuss the phonological interpretation of Russian voiced and 
voiceless obstruents and the devoicing of voiced obstruents in word-final position. The 
specific questions to be answered in this dissertation are as follows: 
1. How is voicing contrast phonetically implemented in intervocalic positions by native 
speakers of Russian? 
2. How is the contrast perceived by listeners in noise as well as in quiet conditions? 
3. Is the voicing contrast completely neutralized in word-final positions?  
4. Are the “incompletely” neutralized contrasts perceptible for listeners? 
5. What is the phonological (re-)interpretation of Russian word-final devoicing? 
     Russian has two-way voicing contrast in obstruents (stops and fricatives). Previous 
studies have claimed that Russian voiced obstruents are devoiced in word-final positions, 
resulting in voicing neutralization. However, this neutralization may be incomplete: small but 
consistent acoustic/ perceptual differences have been observed between putative neutralized 
sounds in Russian (among others, Dmitrieva et al. (2010), Kharlamov (2012)) as well as in 
other languages (Among others, Port and O’Dell (1985), Roettger et al. (2014) for German; 




while previous acoustic and perceptual studies documented well the word-final devoicing in 
utterance-final positions (e.g., Kharlamov (2012)), less examined is word-final devoicing in 
utterance-medial positions. To summarize, the actual status of word-final devoicing and its 
implications to phonology remain open to debate. Since the concept of neutralization assumes 
the existence of contrast in the other position(s), it should also be reexamined how the 
contrast is implemented in non-neutralizing position and how it is interpreted, which more or 
less affects the theoretical implications of (incomplete) neutralization. 
     The present dissertation examines Russian voiced and voiceless obstruents both in a 
neutralizing position and in a non-neutralizing position. On the basis of such data, the 
underlying representation of Russian voicing contrast and word-final devoicing are discussed 
within the typological framework proposed by Beckman et al. (2013). 
     This dissertation consists of eight chapters. Chapter 1 describes the motivations of the 
study, the structure of the dissertation, and the main conclusions. Chapter 2 is devoted to 
reviewing the previous literature, and in particular, the theoretical background. Chapter 3 
describes acoustic characteristics of voiced and voiceless obstruents in intervocalic positions, 
where the voicing contrast is maintained. Chapter 4 examines the perception of intervocalic 
stops and fricatives in noise and in quiet conditions. Chapter 5 examines acoustic 
characteristics of voiced and voiceless obstruents in word-final (but utterance-medial) 
position, where the voicing contrast is supposed to be lost. Chapter 6 examines the perception 
of voicing contrast in the (incompletely) neutralizing position examined in chapter 5. In 
chapter 7, experimental findings presented in the previous chapters are summarized, and then, 
phonological implications of those findings are discussed. Finally, chapter 8 describes the 
conclusions of the dissertation. 




acoustic study in intervocalic positions showed that Russian voiced obstruents are typically 
realized with robust vocal fold vibration in non-neutralizing positions, replicating previous 
studies. The voiceless obstruents, on the other hand, are typically realized with only short 
voicing durations, even though the obstruents are flanked by voiced sounds (i.e., vowels). On 
the basis of these observations, the author posited that the phonological (underlying) 
representation of Russian voicing contrast is [voice] vs. [X] (where X is not [voice]). That is, 
laryngeal features are specified both in voiced and voiceless obstruents. The results also 
demonstrated that voicing contrast is maintained by some durational properties (e.g., 
preceding vowel duration) as well as some frequency properties (e.g., the value of 
fundamental frequency at the edge of the preceding vowel). The results of the noise-masking 
experiment demonstrated manner asymmetries in voicing contrast: voicing contrast in stops is 
harder to perceive than in fricatives. The results of the acoustic study in word-final positions 
showed that, although both the voiceless obstruents and their “devoiced” counterparts are 
realized with only short voicing tails, they are distinguished by some durational properties 
(for stops, the duration of the preceding vowel; for fricatives, the duration of the voicing 
during frication), suggesting the case of incomplete neutralization. Those “incompletely” 
neutralized sounds are correctly identified as being above chance-level. On the basis of these 
observations, the surface representation of “devoiced” and “true” voiceless obstruent in 
word-final positions is interpreted as [ ] (unspecified) vs. [X]. That is, laryngeal features are 
specified only in “true” voiceless obstruents in the surface representation. It is further 
proposed that both Russian incomplete word-final devoicing and gradient intervocalic voicing 
observed in other languages can be explained as a consequence of phonetic underspecification 
(Keating (1988), See also, Hsu (1996), Steriade (1997)). 
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ĵ¯ (ƍč&%) '	"ħ³:$>ï 
                                            
1 inq (1996: 149)  
ļƉ'x
âßżĳ () 5Ɖè(ÅÞ 
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 2 
 ;8(ėÝ)Trubetztkoy (1939) #zŚ;×(ĶæƳƴƐ (generative 
phonology; Chomsky and Halle (1968) tƭ) -$Ðţ;"Ż
 Ơeś'Ī"Ƴ°Ņŏ'±²&Ö
Ƶ>d"ƳƴĴƐ#: 
 ĶæƳƴƐ(ûŋĈ')g¥(¬|$"final devoicing $	
ĳƓ(ƈƛ
**Ľ®: (e.g., Kenstowicz (1994), Odden (2005))Final devoicing (tƭFD
$ƈ) $)ƍč5ƳŘč&%čÃyŦ (final position) '	"ċ°ƳĮ°
:ĳƓ>ťŌ:ĸƍ#:(1.1) '\H@ƍ( FD ( 
 







ƍěĀľ'Ƅ¿;: (FD ([SW_$"Meyers (2012)) 
 FD )ĶæƳƴƐ(Č'õĕ;Ēş1 (Chomsky and Halle (1968)) '	"





ľ (categorical) ^Ʊüľ (discrete) &ÞƖ>ċ:Į°ĳƓ)ĶæƳƴƐ(Ēş
Ŕ 1œ ËƐ 
 3 
1'	"ƳƴƐ#é
ĳƓ#:$ò8;" (ƊŞ)Ŕ 2 œ#ĖƇ:)
(Ɓƅ(ēì$;"()Ɔƍ¸Ū(ŬƃƓ5Âý(ġƍƉŪ'7:
Ńľ&Ƅ¿ ºÞľƄ¿ # 
 &8ƚÊĶæƳƴƐ'	"ĴƐ(ŉ>ë"	 (ƳƴRJ
]>ũ:ÛƀÞ¨Ɨ;"	: (e.g., Sproat and Fujimura (1993))FD4ę'
ƳƴƐľ&ĳƓ&(>79äƥ'ƒƐ.#:$Ɔ:ĴĹ	 










ŭć: (cf. Kohler (1990)), 
Kawahara (2011))ƚÊƳƴƐ$Ƴ°¸łm(ńƁ>ź&8Ɔ
ƍƳ(RJ]>ũ:ĥÞ"  (»ƼƳƴƐ ; labolatory phonology, 
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ĸƍ$)ċ°^Į°Ƭ½Ƴg¥^ÀŒÒ( 3  #:;8(ĸ




° (Ƴ) $¤, (cf. Crystal (2008))|*` Ŵľ'ĄĎƍĚĬƍ(Ÿ /ka/ [ka] 
(µƳƣ (k) )Į°ƳŹ /ɡa/ [ɡa](µƳƣ (ɡ) )ċ°Ƴ$Ɔ=;: 




')­Ì (underlying) ċ°Ƴ (:	)Į°Ƴ)$żĳ:$': 
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
 Ƭ½Ƴ (obstruent) $)(ƏƳƳ°¸ľ')) ű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ľ')) Ƴ°ģÕ8Ʋ¢ČÞƄ¿;:Ƴ — zľ')ņŽƳ (plosives) $
øùƳ (fricatives), ņùƳ (affricates)>ï (Ashby (2011: 63), íÑ(þƆ)ŕŪ
ž)|*a'ðĄĎƍ(Ÿ /ka/ [ka]5Ź /ɡa/ [ɡa](µƳƣ (k, 
ɡ) ) Ƭ½Ƴ#: 












ơ	$ºŧ;: (inq 1996: 148) g¥$)Ćľ (synchlonically) '
įº(Ƴ°ĵ¯'	"³=;:ĳƓ>ï 
 Yu (2014) )g¥$Ħ (merger) >íľ'ò:$>õĕ"	:Ħ$
)ƜĆľ (diachlonically) 'Ƴ°ĵ¯ (þů) 'ƫ~&86:ĵ¯'	"À
Œ³=;:ĳƓ#:ĆľĳƓ&(ƜĆľĳƓ$	
ơ	):4((
                                            
2 ĎŎ(ƒƐ')Łôƫ=8&	Ƭ½Ƴ':ņùƳ(yŦ!Ă)ŅŏŪ'
7"ŵÉĻ&:ĭ'ĺá;	|*Collins and Mees (2008) )Ƭ½Ƴ)
ƩƨƳ (stops) $øùƳ>í:ĸƍ$ºŧ"9ƩƨƳ(by'ņŽƳ$ņ
ùƳ>yŦ!"	: (Collins and Mees 2008: 47) 
 




"Yu );8> :ĸƍ$"ÀŒÒ (contrast reduction)$	

ĸƍ>Á"	: 




 ĎŅŏ#)Yu (2014) (ĸƍ>ĸ	:$':ĎƐþ'	"9








1 = þů}· 
(Context-dependent) 
2 = þůŲĹ 
(Context-free) 

































 (Ɛþ) 8  (œ8æ:(œ'ŤŔ 2 œ#)Ņŏŭć>ĖƇ¦ƹ
(ç«>ąň':Ŕ 3 œ#)ċ°Ƭ½Ƴ$Į°Ƭ½Ƴ$ÀŒ:Ƴ°ĵ¯ (ƍ
gġƳƪ) ':ƳƵįÚ>ĖƇ: (»Ƽ 1)(»Ƽ#)Ƴ°ķ»Ƽ'7
"ƍgġƳƪ'ċ°^Į°Ƭ½Ƴ> 2ļƉ>Ɖè8Á;8(Ƴ°
(ƳƵĐ&;:Ŕ 4 œ#)ƍgġƳƪ(ċ°Ƭ½Ƴ$Į°Ƭ½Ƴ(Ƴ°ń
ƃįÞ>ńƃĩ(RJ]8ĖƇ: (»Ƽ 2ab)Ŕ 5 œ#)ŻŅŏ'	"
ċ°Þ(ÀŒ (c¹') g¥:$ƈƛ;"	:Ƭ½Ƴ'ƫ:ā&ƕÿ
Ŋ;: (»Ƽ 3)Ŕ 6 œ#)»Ƽ 3 #ØƳ°>{ńƃ»ƼŠđ>Ŋ (»
Ƽ 4)(»Ƽ#)c¹'g¥Ƴ°>ūè'ū(Ƴ°>º"
48
Ŕ 7 œ#)Ŕ 3ǀ6 œ#Ŋ;ƳƵ^ńƃƕÿ>ƀŜ:$$4'À
Œ$ÀŒÒ(ƳƴƐľƅƤ5ƻ¬Ɛľ&yŦ!ƳƴƐ$Ƴ°¸(ƪ>Š,żÆ
żŊ(ÞƖ' 	"ũ¿:Ċ×'Ŕ 8 œ'	"ŠƐ>ƛ.: 
 &ĎƐþ':Ƴ°(ƙ')©ƯƳ°¶ġ (IPA) >ĸ	:0Ƴ
°¸^ƳƴƐ(åŨ'	Ƴ°żƈ)UXFLO ([ ]) #í9Ƴŝżƈ)I
XLHW (/ /) #í:Ƴ°^Ƴŝżƈ(Ûƀį'&	ŗç(\H@ƍ)
EYZþ¶(XN]þ¶ƙ>ĸ	:$$:3 
 0ƳƴĴƐ':åŨľ&żĳ'"ÎŝÞ>ż®'4U
XFLO>ĸ	: (e.g., [voice], [spread glottis] &%) 
                                            
3 š = [ʃ], ž = [ʒ], c = [ʦ], č = [ʧ], y = [ɨ] $:ƳƴƐľ&Ňŷ>ż®













Ƹłɥɦȩ (generative phonology) 0žǩ;+ŗĊHǌȣD2.3 ǡ*1ųùĹ (é
ɫưĴ) 0ďǖ.əD«ȊǋǓHƃȚD¯ǀ.1ȾěƿĔ''Dɖ
ɓɥ0éɫưĴ.əDɮòȩ (Beckman et al. (2013)) H±ƃȚ0ɮòȩ.
)uTJȤ.DųùĹ0ďǖ,0A.ǲ(BE)D0HƃȚ
D2.4 ǡ*1ďǖĤÅ (æ) .əDǋǓǻůHƃȚD¯ǀ.1uTJ





 Ƹłɥɦȩ (generative phonology) 
Chomsky and Halle (1968) řƁE#

	ȥ  (modular 
                                            
1 ŸǗ.Dȭȩ0yɍ1Ż (2014) .õ()D 
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view) mUnxsȥ.DɐȐ-ŗĊ+) (I) ɡŤǀ 
(discrete)wO]Srxǀ  (categorical) -ĹȲHųDƵȮ1ɥɦȩ.ɂǭǀ 
(continuous)wƧƍǀ (gradient) -ĹȲHųDƵȮ1ɥùĈ.Ƃ;µED+ 
(II) ɥɦȩ+ɥùĈ+0ə 1yŨÞǀ*D+z 2 ƩŐBED2.2.1 ǡ
B 2.2.2 ǡ.)EB 2 '0ŗĊHɩ.ǌȣ) 
 
0RT3j6I+
 Ƹłɥɦȩ0ɐȐ-ưĴ0 1 '1ɥɦȩ0ŲđË+)ųɜ£0Ġ¹ǦĹ 
(distinctive feature) HĊDƩ*D2ųùɚČɥ+ƫùɚČɥ1!E
"E[+consonantal, -sonorant, +voice][+consonantal, -sonorant, -voice] +ȋƵED
Gussenhoven and Jacobs (2005: 59) 1Ƹłɥɦȩ.DĠ¹ǦĹ0Ȑ 
(requirement) +)ƍ0 3 ƩHŐ)D 
 
1. They should be capable of characterizing natural segment classes. 
(Ġ¹ǦĹ1ǾƬɥɮ0ưĴHȋƵD+*D7*DŊȝ) 
2. They should be capable of describing all segmental contrasts in the world’s languages. 
(Ġ¹ǦĹ1ƻ0ȘȤ.DB@Dµǡɥ0ďǖHțȿD+*D
7*DŊȝ) 
3. They should be definable in phonetic terms. 
(Ġ¹ǦĹ1ɥùĈǀȕƩBĊǵÖǼ*D7*DŊȝ) 
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ɦȩǀďǖ.GDļö (Ġ¹ǀưĴ) Hà;!00ɥùǀȢǧļö (

























ŨÞǀ-ɥùċƵȒ¼ (phonetic implementation) ɥùċƵȒ¼+1
ɡŤǀ-ɥùǦĹ (ɥɦȩ0ɪô) Hɂǭǀ-ȨɥɆÃ (ɥùĈ0ɪô) 6+³© 
(mapping) DȒ¼*D!0Ȓ¼1ŮɇǀwǾÃǀ*D+;-E)# (cf. 
Gussenhoven and Jacobs (2005: 116))ɥɦȩ0ŲǨǀ-´Àĩ (ȋĕȋǍ 
(surface representation)) .) [+voice] ÷Û[+voice] 
Ůɇǀw  






Ȑ-ȭȩ0ɷ'+-&)D (among others, Pierrehumbert (1990), Kingston and Diehl 
(1994))mUnxsȥ.D phonetic implementation model 0èɬƩ+)22
ȭɬ+-D+1(I) ɥùċƵȒ¼1Ķ>Ůɇǀ*1-ȘȤɘ*ėƼȣ=
BED+ (e.g., F0 0ÜŵeYv.ə)Atterer and Ladd (2004))(II) ɥùċƵȒ




ćD (e.g., ųùĹ0ďǖ0ɥùċƵ.ə)Kingston and Diehl (1994)) +(III)





ŗĊ1(I) ɡŤǀ (discrete)wO]Srxǀ (categorical) -ĹȲHųDƵȮ1ɥɦ











Čɥ0ďǖȾěƿĔ''DéɫưĴ0ɮòȩ (Beckman et al. (2013)) .
),0A.ǲ(BE)D0HƃȚDéɫưĴ+1ƿù (phonation) 0
ėƼ.ə}Dùɕ0ȪưĴHŏ.1ÄȩG@Dųùwƫù0A-ư
Ǚ 2 Ǘ ǋǓǻů 
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Ĵ>à:ED:2.3.1ǡ.)éɫưĴ0ɮòȩǀǋǓ (Beckman et al. (2013)) 
HƆȕD2.3.2 ǡ*1ɮòȩǀ-ǉȑHȶ:)řƁE)DuTJȤ0ɥ
ɦȗɏ.')ƃȚD2.3.3 ǡ*1Beckman et al. (2013) 0žǩ;0Ȑ+-&)




 Beckman et al. (2013) Ȑ-ƃȚďȮ+)DȘȤ1éɫưĴ.A&) 2 ǣ
·0ďǖHųD (two-way laryngeal contrast) ȘȤ*D0YKi0ȘȤ.1
ȃȤ`K\ȤgqvVȤVjKvȤ!)uTJȤ-,à:EDE
B0ȘȤ1!0éɫưĴB2 Ǒɮ0eYv.þ¹ED+ŏŜE)D
!E1Í%Ȥɫɖɓɥ (I) prevoicing + unaspirated *ċƵEDeYvHųD
ȘȤ (ɛéɫưĴ0ɮòȩ.DĿǶ.#&)
true voiceȘȤ+ț) +






ǓďȮ+DuTJȤ1prevoicing + unaspirated 0ɉ*ďǖD
true voiceȘ
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  Pr\3Q	2)+<%&" #$'0
&! "'
Classification True voice languages Aspirating languages 
Word-initial stops voiced vs. voiceless  
= prevoicing vs. unaspirated 
voiced vs. voiceless 
= unaspirated vs. aspirated 
Example Russian German 
  
	?>=3Pr\2.<XJ~]
 Prevoicing, unaspirated, aspirated 0ėƼ1ɥɧǀ.1Voice Onset Time (VOT) .
¯ƵEDVOT +1ùĘőÃ0ɗĂŭƩ+ɖɓɗŢŭƩ0ɘ0EHĊɑÅ






true voiceȘȤ.1ǦĹ [voice] (ùĘőÃD+
ưĴ+ȋƵD#=0ǦĹ) H
aspiratingȘȤ.1 ǦĹ [spread glottis] (ùɕ
ŌĥD+ưĴHȋƵD#=0ǦĹ) HĊD+řƁE)DǦĹ







(2.1) uTJȤ: Voiced vs. voiceless = [voice] vs. [   ] 
    (ǔōģ1ǦĹƫŏĊ (unspecified) *D+Hȋ) 
Ǚ 2 Ǘ ǋǓǻů 
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(2.2) `K\Ȥ: Voiced vs. voiceless = [   ] vs. [spread glottis] 
 
		nSv~]*Dv~]*
 Beckman et al. (2013) žǩ;0Ȑ+-&)DƶȩǀŗĊ1éɫǦĹ1ƌĀǀ 
(privative) *D (Mester and Itô (1989), Lombardi (1991, 1995)) +>0*DÍ




.A&)ďǖH-ƌĀǀďǖ*D+ŗĊHȜDBeckman et al. (2013) 1
ƌĀǀǦĹHĊD+0ºƩ+)2 ƩHŐ)D 
 ɷ'1ƌĀǀǦĹHĊD+.A&)Ȥɫɖɓɥ0ɥùċƵ+ɥɦȩ0ɘ
.àĽə Hȑ$D+Ʃ*DBeckman et al. (2013) 1ƍ0A.ȿ7)
D 
 
“If laryngeal features are privative, there is a clear relation between the phonetic cue 
and the phonological feature: prevoicing in initial position will implicate the feature 
[voice], and aspiration will implicate [sg]. (…) the presence of prevoicing on initial 
stops does implicate the feature [voice], and the presence of aspiration (long lag VOT) 






ɐȐ-ėƼ+1Ȥ.DɥɧǀėƼ*DRingen and Kulikov (2012) 0ɥɧ






ED) !E.ď`K\Ȥ.)1ųùɖɓɥ0 62.5%full voicing
*ċƵEɖɓÇɘ0ùĘőÃ0Ŏǭŭɘ0ɔǊ1ãì0ɥùƷø-,ɥù
Ĉǀ-Ȑë.ĖÙED (Jessen and Ringen (2002))0+1uTJȤ0ųùɖ
ɓɥ.1ǦĹ  [voice] ŏĊE)D0.ď`K\Ȥ0ųùɥ.1ǦĹ 
[voice] ŏĊE)-+ǷD+.A&)ȥū*D+E)D 




(passive voicing) *D  (ɥɦȩ*ŏĊE)DưĴ*1- ) +ȥūED 











 Beckman et al. (2013) 0ɮòȩ*1
aspiratingȘȤ.Dųùɖɓɥ1ǦĹ




true voiceȘȤ.Dƫùɖɓɥ.1ǦĹ [voice] ŏĊ
ED+ȗɏED+1«ȿ0ɁC*D 
 >>0ȗɏƏE2Beckman BǾȸ>ȘÐ)DA. (Beckman et 







Û*ùĘőÃ¦ƎD (Jessen (1998), Jessen and Ringen (2002))E+ďǏǀ.




)uTJȤ0ƫùɥ.1ųùÅ1ȕĎE- (Ringen and Kulikov (2012), Kulikov 
(2012))0A-








ť¥ŏĊ (numerical specification)HÔī¿HŽ#)- (ÎŦ: 
not 
active-) ǦĹ1ť¥ŏĊHÔ-+ƶȩǀŗĊHĐ¬D0ŗĊHÔ












ĊHÔD ([spread glottis] 0ŏĊ1Ô-)
true voiceȘȤ0ųùɥ1
õĞȋǍ* [voice] ŏĊE)Cƫùɥ0Ũ1õĞȋǍ*1 [voice] ŏĊ
E)-!0ǫŽ1ť¥ŏĊ.ÒŬED2ųùɥ1 [9voice]ƫ
ùɥ1 [1voice] 0A-ť¥ŏĊHÔD (Beckman et al. (2013: 291))*0ť
¥ȋ°č.')1įȿDE.)>Beckman et al. (2013) 0ȥū
.AE2ųùɥ> (õĞȋǍ*1ƫŏĊ0) ƫùɥ>ɥɦȩ0ŲǨƓɞ (ȋĕ
ȋǍ) *1 [voice] .əDB0ť¥ŏĊHÔD+.-DPassive voicing
1
ɥùĈǀ-iuXV (phonetic process) (Beckman et al. (2013: 292))*D0*
ȋĕ*ŏĊE)D [voice] 0ť¥ŏĊE)Dƫùɥ passive voicing HȌ












ɥ.1õĞȋǍ* [spread glottis] ŏĊE)Cųùɥ0Ũ1õĞȋǍ*1 




ƫùɥ1  [9spread glottis]ųùɥ1  [1spread glottis] 0A-ť¥ŏĊHÔD 
(Beckman et al. (2013: 291))Beckman et al. (2013) 0ȥū.AE2ƫùɥ>(õĞ
ȋǍ*1ƫŏĊ0) ųùɥ>ɥɦȩ0ŲǨƓɞ*1 [spread glottis] .əDť¥ŏ
ĊHÔD+.-D-B
aspiratingȘȤ.1[voice] 0ŏĊ-
E-#&)[1spread glottis] +ŏĊE)Dųùɥ1passive voicing H
ȌDzBeckman et al. (2013) 0
aspiratingȘȤ.əDȥū0ƆȐ*D 




-EDţ. passive voicing HȌB
aspiratingȘȤ.)1[voice] .
əDť¥ŏĊ-E-ţ.passive voicing HȌD+ǷD 
 Beckman et al. (2013) 0 passive voicing 0ȫ.ďDȥū.1'0ȕƩB
ȭȩ0ñD 
 Ǚ 1 .Beckman et al. (2013) 0ȥū.)1
true voiceȘȤ.)ƫùɖ
ɓɥ passive voicing HȌB- (e.g., uTJȤ) 0;ǷŀE)C
true 




ùÅȣ=BED (Torreira et al. (2011), ȅƙ (2013) and the references therein)
true 
voiceȘȤ.)ƫùɖɓɥ passive voicing HȌD (e.g., uTJȤ)+
Ǚ 2 Ǘ ǋǓǻů 
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passive voicing HȌB- (VjKvȤ) 0ɉ1.ȥū*D$F2 






D0+BBeckman et al. (2013) řƁ)D passive voicing 0ȥū1
ÒȞÖǼĹ?ȥūÀ.ƌD+ǷD#&)2.5 ǡ.)ǚǸ1Beckman 
et al. (2013) +1Ƽ-DŗĊ.A&)







 >ɷ'0ŶȗƘ0èɬ1Beckman et al. (2013) *ǷŀE)DéɫǦĹ0Ǒ
ɮ.əDèɬ*DBeckman et al. (2013) 0žǩ;.)1ùĘőÃD
+éɫ0ưĴ ([voice]) +ùɕŌĥD+éɫ0ưĴ ([spread glottis], 
{ [sg] +ț) 0 2 ưĴBȘȤɘ0drLxTovHțȿwȥūA+)
                                            




Beckman et al. (2013) *1
aspiratingȘȤ*0ƫŏĊ0ɖɓɥ0ȤƔɥɘ0dr
LxTov (e.g., `K\Ȥ vs. JKVqv`Ȥ) Hť¥ŏĊ0
ť¥0ėƼ.A
&)ȥū)D-Bįǭ0ƓȆ*ŏŜ)DA.Beckman et al. 
(2013) 1ť¥ŏĊ0
ť¥.əDūǌ-ĊǵH-&)-#&)
Beckman et al. (2013) 0ť¥ŏĊ.ŋ) passive voicing 0ȥūHD÷Ûƅ=)
ĺĽǀ-ȭȩ.-&):+ŁĸD 




D!E1ùɕ0ƳǕHA-éɫ0ưĴ ({[constricted glottis], [cg] +ț
) *Dùɕ0ƳǕHA-éɫ0ưĴȘȤɥ0ďǖ.ə})D
1ċɟ.öâE)D (Kenstowicz (1994)) 
 Kenstowicz (1994: 38) .AE2éɫưĴ.A&) 2 ǣ·ďǖDȘȤ.13
'0õŸǀ-eYvȕĎED1 'ǁ1ƫùɥ ([p]) ųùɥ ([b]) +ďǖH
łeYv (e.g., French)2 'ǁ1ƫùɥ ([p]) ĘƖɥ ([ph]) +ďǖHłeY
v (e.g., Mandarin Chinese)3 'ǁ1ƫùɥ ([p]) ùɕ0ƳǕHéɫÅɥ ([pʔ]) 
+ďǖDeYv (e.g., Nootka) *D(2.3) .Kenstowicz (1994: 38) *ŐBE
)D 3 '0eYv0HǍ 
 
(2.3) éɫưĴ.A&) 2 ǣ·0ďǖDȘȤ.ȕĎEDeYv 
 
(Kenstowicz (1994: 38)) 
 
  Kenstowicz (1994: 38) *ŐBE)D0%gqvVȤ0eYv+îȤ 
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A.éɫÅə}Dďǖ1Beckman et al. (2013) 0žǩ;*1ǷŀE)-
Nootka 00A.ƫùƫƖ ([p])+éɫÅɥ ([pʔ])) ďǖDA-eY
v>à=)ACƗƺĹ0ɲɮòHD#=.1ǦĹ [voice] [sg] $*1-
[cg] Hǩ;Ƚ<ĶȐD+ĦǍçED(2.3) 0eYvHŏŜ)D
Kenstowicz (1994: 40) *1Halle and Stevens (1971) *řƁE)DéɫǦĹHś
ƺ)[voice] [sg] .Á)ǦĹ [constricted glottis] ({[cg] +ț) HĐ¬D
+.A&)(2.3) 0eYvHțȿ)DIverson and Salmons .ADyɂ0ƶ
ȩǀǋǓ.)>[voice] [sg] [cg] 0 3 Ǒɮ0ǦĹǷŀE)Dz0ƶȩ
ǀǋǓǻůHȶ:D+Beckman Ɉ0ɮòȩHįB.ƿĔD#=.1








Dɮòȩ1yɍ0ǋǓHɝ (e.g., Beckman and Ringen (2009))8+I,Ƀ=BE
)-Beckman and Ringen (2009) 1įǭD®ɴɥ0ƫùÅ.əDɁȘȤǀ
ȕĎBuTJȤ0ƫùŝşɥ.1Ē-+> [sg] ŏĊE)Dǒƅǀ-
Ȟŋ1-+HŏŜ)D3ŝşɥ0ɮòȩHƿĔD#=.1ŝşɥ.
                                            
3 ŝşɥ0éɫǦĹ1 [sg] ƫƉ*D+ĥE)D (Vaux (1998))0
+Hȶ:D+uTJȤ0ŝşɥ1ƶȩǀwɁȘȤǀ-ȕƩBƕȻǀưƑ
-.ǲ(BED>E- 






 éɫưĴ0ɮòȩ (Beckman et al. (2013)) 1uTJȤ.Dųùɖɓɥ+ƫù




HȥūD+Ǚ 2 .éɫǦĹ0ÖǼĹ+) [cg] 0ćðHǷŀ.¬E#z*
0ɮòÅHɃ=D+Ǚ 3 .ɖɓɥ$*1-ŝşɥ0éɫǦĹ>ƃȚD
+*D 










 Ų¸.2.4.1 ǡ.)FD ɥɦƶȩ (Ƹłɥɦȩ) .),0A.Ċġ
ÅE)#0HƃȚDƍ.2.4.2 ǡ.)FD 0ċɱǀ-ǋǓHƃȚ


































K\Ȥ0ɚČɥ0ųùĹ0æ0¯HŐD (1Port and O’Dell (1985: 456) 
AC) 
 
(2.4)  a. Alpen [alp"n] ‘mountation pasture (ȏťĩ)’  b. Alben [alb"n] ‘elf (ȏťĩ)’ 
      c. Alp [alp] ‘mountation pasture (Ëťĩ)’  d. Alb [alp] ‘elf (Ëťĩ)’ 
 




ɥɦȩ0ƶȩǀúɋ.#&)řƁE)# 3 '0Ȑ-ĊġÅHƆȕD 




 ǰĩɥɦȩ (linear phonology) 1Ƹłɥɦȩ0¸ŵ.řƁE#žǩ; (Chomsky 
and Halle 1968 ɛ) *D0žǩ;*1FD 1 (2.5) 0A-ɥùǦĹ0ű
Ȓ¼+)yȂÅED#1ɪôøƻHȋ1 X (ǈÌĖŨ)  Y (ǈÌÙŨ) 
.úGD+HȋVq[Tnį1XYɊƺEDŹ (ɥùƷø) H
ȋĊġÅ.1ɨǦĹ (binary feature) ƺBED 
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 (2.5) FD: [+consonantal, -sonorant, +voice]  [-voice]/ _# (Kenstowicz 1994) 
 
(2.5) 0Ȓ¼.ə) KenstowiczȤ0 FD 
 
 
(...) the final devoicing rule neutralizes the underlying contrast by changing the 
specification of an obstruent from [+voiced] to [-voiced]. By virtue of this rule, underlying 
[b, d, g, z, ž] become identical with underlying [p, t, k, s, š]. (Kenstowicz 1994: 76) 
 
 Kenstowicz ȘÐ)DA.(2.5) 1ưĊ0ɥùƷø.)õĞųùɚ
Čɥ [+consonantal, -sonorant, +voice] 0ŏĊ[+consonantal, -sonorant, -voice] .ǲ









 ɣǰĩƶȩ (non-linear phonology, Goldsmith (1976)) 1ɥɦeYvHȒ¼.A&)
ȥūDƩ*½ȿ0ǰĩɥɦȩ+®Ɂ)DyŨ*Ȓ¼0ȋƵŨƛƼ-Dɣ
ǰĩƶȩ0Ȑ1ǦĹ+µǡɥ+Ʋǖ#ĕ (tier) Hłɥɦű1ĕ+ĕ0






ƞƿÅ# (ǦĹɞĕƶȩ (feature geometry; among others, Clements (1985), Sagey 
(1986), McCarthy (1988))4(2.6) .ɣǰĩɥɦȩ (ư.ǦĹɞĕƶȩ) .ADĊġ
Å0yHǍ (2.6) 1Gussenhoven and Jacobs (2005: 167) 0ĊġÅHÏǷ+
)ǚǸĊġÅ# (Lombardi (1991) >Ïƭ)Gussenhoven and Jacobs (2005: 167) *
1SD  syllable final +-&)DE1`K\Ȥ0ȕĎ.õ()ĊġÅH
)D#=*DyŨ*(2.6) *1ŸǋǓǋǓďȮ+DuTJȤ0ċ.
ÛG)SD H word-final +# 
 
(2.6)  
     
(2.6) .)SC (structural change) 1ǰĩƶȩ0ĊġÅ.DVq[TnAC
½0°č.ǃĨDǱǰ0z.ɐ/BE)D 2 Ÿ0Ƌǰ1ĕ+ĕ+0ɂǫ-
-D+HǍSD (structural description) 1Vq[Tnį0°č (Ȓ¼Ɋƺ
EDŹ) .ǃĨD 
                                            
4 Final devoicing HǦĹɞĕƶȩ0žǩ;*ĊġÅwɮòÅDÃ1Ⱦě0ƶȩ














 Ųį.ŲɊĹƶȩ.AD FD 0ĊġÅHƃȚDŲɊĹƶȩ (Optimality theory, 
Prince and Smolensky (1993, 2004)) 1ƵȊ0ɥɦȩ.)Ɵ+-&)Džǩ;
*D0žǩ;*1FD H»Ǥɘ0ǃƺ.A&)ȥūD(2.7) B (2.9) 
.uTJȤ0 FD .əGD 2 '0»ǤHǍ(2.10) .!EB0ɩĝHǍ
{.țyɂ0»Ǥ+»Ǥɘ0ɩĝ1Padgett (2011) .ADuTJȤ FD 0µż.
ŋ)D 
 
(2.7) D*   ųùɚČɥHǎƎD 
 
(2.8) IDENT (VOICE)   ǦĹ [voice] 0¬À (input) +´À (output) 1Ü¥*-
E2-B-  
 
(2.9) IDENTps (VOICE)   ®ɴɥ0ǂ½ (pre-sonorant; ps) .DǦĹ [voice] 0¬À 
(input) +´À (output) 1Ü¥*-E2-B-5 
(2.10) IDENT ps (VOICE) >> *D >> IDENT (VOICE)    
   (»Ǥɘ0ª«ɩ1IDENTps (VOICE)  *D  IDENT (VOICE) 0ɩ*D) 
 
(2.7) B (2.10) .İ&)ċɟ0uTJȤHµż#H (2.11) .Ǎ6(2.11) .
                                            
5 0»Ǥ1ǉȔ0? (perceptibility) .əDɁȘȤǀ-ɞĕə .õ(
)ȜĊE)D (cf. Steriade (1997, 2001)) 
6 (2.11) 1Padgett (2011, (20)) 0µż.õ()DPadgett (2011, (20)) .
1țȼE)->00ȩƶǀ.ÖǼ-´À¤Ȏ (kod) HÁ)D 
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»Ǥ (D*) .ďDɉÒACĒ- got ´Àĩ (ȋĕĩ) +)Đ$E
D 
 
(2.11) uTJȤ0 /god/ 
ě+Ȥ0µż 
Input: /god/ IDENTps (VOICE) *D IDENT (VOICE) 
a.     god  **!  
b.   got  * * 
c.     kod *! * * 




 2.4.1.3 B 2.4.1.5 *Ǎ#A.Ƹłɥɦȩ.AD FD 1ĊġÅ0Ũƛ.ɉ
1D>00Ȥŷǲ.DõĞųùwƫùɚČɥ0ȋĕĩ+)Üy0ȋǍ
HƤDƩ*®Ɂ)D2.2 ǡ*ũ.ƃȚ#A.Üy0ȋĕȋǍ1
Üy0ɥùċƵȒ¼ (phonetic implementation rule) .A&)ȨɥɆÃ.³©ED
+ǷBED#=ɥù+)ċƵE#õĞųùɥ+ƫùɥ0ɥùċƵĩ0ɘ.1
yȰ#ėƼ1­-+ƤED 









 . 1980 ěBFD .A&)ƫùÅ#õĞųùɥ+õĞƫùɥ+HĊɑǀ-
ŅƛHƺ)ƕȻDȟ;-E)#!EB0ǋǓ0'12.4.1 ǡ0
Ƥ.ÒDȕĎǫŽHöâ)D (among others, for German, Post and o’Dell (1985), 
Charles-Luse (1985), Port and Crawford (1989), Piroth and Janker (2004), Roettger et al. 
(2011, 2014); for Dutch, Warner et al. (2004, 2006), Ernestus and Baayen (2006, 2007); for 
Catalan, Dinnsen and Charles-Luce (1984); for Polish, Slowiaczek and Dinnsen (1985); for 
Russian, Chen (1970), Pye (1986), Dmitrieva et al. (2010), Kanibolotskaia (2009), Shrager 
(2010), Kulikov (2012), Kharlamov (2012), Matsui (2011))FD 0ċɱǋǓØ0Ȑ-ȩ
Ʃ1æ1ĉ­ (complete) -0!*-0+Ʃ*D 
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wõĞųùɥ0ǂ½0Ɣɥ0Ŏǭŭɘ1õĞƫùɥ0ǂ½0ƔɥAC>Ǥ 15ms    
ɔ 
wõĞųùɖɓɥ0ǂ½0ƔɥBɖɓɍ.)ƸDùĘőÃ0Ŏǭŭɘ1õ 
Ğƫùɥ0÷ÛAC>Ǥ 5ms ɔ 
wõĞųùɥ0ɖɓɗŢŭ.ƸDdxV_cKW0Ŏǭŭɘ1õĞƫùɥ0÷ 
ÛAC>Ǥ 15ms Ǌ 
 
 Port 
D+ (Port and O’Dell 1985)#$Port and O’Dell (1985) >ŏŜ)DA
.æDǲ*ȕĎE#ɥɧė?ǉȔė1ďǖ¢ŎEDǲ (ȤƔ
ɥɘ-,) +ƕȻD+ɣĚ.ĳǧ-ė*D0A.ďǖæD10
ɥùɘ.ĳǧ-ėƼȣ=BEDƱƚ1Port and O’Dell (1985) 0ǋǓź|ĉ­
æ (incomplete neutralization) +å2E)DB.Port and Crawford (1989) 1
ËȤrV_Ȧ;ŦrV_Ȧ;ŲđďH7#÷Û-,Ȥƺȩǀ-ŹHŞ
#÷Û*>ųùɖɓɥ (/d/) +ƫùɖɓɥ (/t/) 0ɘ.ɥɧėȣ=BED+HǍ
# 
 |ĉ­æ1`K\ȤNqvZȤOYuaJȤkxqv`Ȥ!)u
TJȤ-,FD HŎ'ƈ	-ȘȤ.)ƃȚE)D (among others, for German, 
Post and o’Dell (1985), Charles-Luse (1985), Port and Crawford (1989), Piroth and Janker 
(2004), Roettger et al. (2011, 2014); for Dutch, Warner et al. (2004, 2006), Ernestus and 
Baayen (2006, 2007); for Catalan, Dinnsen and Charles-Luce (1984); for Polish, Slowiaczek 
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and Dinnsen (1985); for Russian, Chen (1970), Pye (1986), Dmitrieva et al. (2010), 
Kanibolotskaia (2009), Shrager (2010), Kulikov (2012), Kharlamov (2012), Matsui (2011))
B.FD $*1-!00'0ɥɦeYvȃȤ0ƐȄɥ0ħɥÅ 
(Herd et al. (2010), Braver (2012))ȃȤ0ɖɓɥ0Œ¬ (Fourakis and Port (1986), 
Kilpatrick et al. (2007))ÆȤ0ùȨű (Yu (2007)), ŪŸȤ0ǊƔɥ0ɔƔɥÅ 
(Braver and Kawahara (2013)) -,.ə)>|ĉ­æ0ćðǍçE)D 
 
ɥɦƶȩ.ďDǽĄ (a threat to phonological theory) (Port 
and Crawford 1989: 257)
ƶȩ.+&)0Ļý (theoretical bad dream) (Port 1996: 491) 












±ƃȚD+ŨǞ*D (Cohn 2006: 5) 













Ĺ.ƽèHáDǋǓćðD (tfnx+)Kharlamov (2012) Ȣ)
Fourakis and Iverson (1984) 1|ĉ­æ+)ȕĎE#ɥɧė1ǯCĆz0ȓ
Ȕǀ-Ç¹ȠǸċɱz0¾ƹ
Ư (artifact) ĥ)DJassem and Ritcher (1989) >kxqv`Ȥ0 FD
.)|ǾƬ-ċɱƷø.ACƸ#¾ƹƯ*DÖǼĹHŏŜ)D  
 Fourakis and Iverson (1984) 0ŏŜ.ďƕȻǀŲȾ0ǋǓ 













ƈ	-Ź{*ȕĎE)D (Chen 1970, Pye (1986), Dmitrieva et al. (2010), Shrager 
(2012), Kharlamov (2012), Kulikov (2012))Dmitrieva et al. (2010) 1uTJȤȤŷ
ǲ0õĞųùɥwƫùɚČɥ0ƿȠHµż#ƃȚďȮ+-&#Ȥ1uTJȤ.ċ
ðD 64 0Ȥ0ËƲƿȠ*D (34 ď0Ųđď>1Ųđď.ȾȤ, ɖɓɥ+
ŝşɥHÉť'à<)!EB0Ȥ1Ȥŷǲ.õĞųùɚČɥ>1õĞƫ
ùɚČɥH 1 'àI*#ċɱ.ÊÀ#ȠǸ1mcrvPsȠǸ (4 ) +d




 Dmitrieva et al. (2010) +Üƈ.Chen (1970) Pye (1986)Kulikov (2012) >u
TJȤȤŷǲ0õĞųùwƫùɚČɥ0ɘ.ɥɧėHȕĎ)DChen (1970) 1
Ɣɥ0ŭɘɔ.əDȃȤwgqvVȤwuTJȤwŴɳȤ0 4 ȘȤďƭǋǓ0y
ɍ*uTJȤ0ȤŷɚČɥ (ɖɓɥ0;) 0ƔɥɔHöâ)DChen (1970) 1




 Pye (1986)7 15 0ȠǸ.ADɖɓɥ (/p//b//t/d//k//g/) +ŝşɥ (/s//z//ʃ//ʒ/) 0
                                            
7 As cited in Shrager (2012). ƒĸ-BÎŸH¬Ņ*-&#ƪPye (1986) 0°č
1Shrager (2012) 0țȿ.ŋD 
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ƿȠHµż#ȟɱȤ1 18 ď 36 ȤBłCȟɱȤ1žŦ0Ŧŷ.ó=Ƚ:E#




 Shrager (2012) 13 0uTJȤƔȤȠǸ.ADȤŷǲ0/t//d/0ËƲƿȠHµż





 Kulikov (2012) 1ɖɓɥ (/p//b//t//d/k//g/) HďȮ+)FD 0ɥùċƵHƃȚ









 0Kanibolotskaia (2009) 0ǔƖÀĈǀǋǓ.A&)>uTJȤ0Ȥŷųù
ɚČɥ+ƫùɚČɥ0ɘ.åƖï0ėƼȣ=BED+ȕĎE)D 
 Ųį.ƃȚD01Kharlamov (2012) *DKharlamov (2012) .).ƃ
ȚE#01(I) ċɱŅƛ0ɉ FD 0ɥùċƵ.}DĪɧ+(II) tQTRv
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.DŲđď0ųƫ FD .}DĪɧ*D0 2 ƩHƃȚD#=.
Kharlamov (2012) 1ċɱÏÁǸ.ŦĆHȑDŨƛ (reading task) +ŦĆHȑ-
Ũƛ (fill-in-blank task + picture-naming task) .A&)ȤHĢ´)ɒɥ!0ɥ
ɧưĴHµżwƕȻ#ȟɱȤ1uTJȤ.ċðD 150 Ȥ*&#!0% 30
Ȥ1Ȥŷ0õĞųùĹ0ɉ.A&)ŲđďH-ȤǴ (­)ɖɓɥ) *ƒC 120
Ȥ1ŲđďH-)-ȤǴ (ɖɓɥ+ŝşɥ) *&#ȟɱȤ1žŦ.¬EB
























E1ȟɱȤƿȠE#ɦĮǀƷø (prosodic position) 0ėƼ*DuTJȤ.
D«ȊǋǓHµżD+(I) ȟɱȤ0ËƲƿȠ (D1žŦ0ŦŷƿȠ) H
µż)DǋǓ+(II) ŦƿȠHµż)DǋǓ0 2 ǑɮćðD+µ
D(I) 0÷ÛȟɱȤ1Ȥŷ~'ƿȠŷ+ɦĮǀƷø*ƿȠE)D0
.ď(II) 0÷ÛȟɱȤ1Ȥŷ (ƿȠŷ*1-) +ɦĮǀƷø*
ƿȠE)D+.-D«ȊǋǓ*®Ɂ.șƤE)DŭɘưĴ.ǆǁD+
ȁäƢ+.(I) 0ǋǓ*1+)ąɥƳǕɍ0Ŏǭŭɘ?ɖɓɥ0ɖɓ
ɗŢį0Ŏǭŭɘ0¥0ɐȐĹĦȨE)D (Dmitrieva et al. (2010), Kharlamov 
(2012) -,) 0.ď(II) 0ǋǓ*1ąɥƳǕɍ0Ŏǭŭɘ?ɖɓɥ0ɖɓɗŢ
į0Ŏǭŭɘ0¥.1ųĽėȕĎE)Bǂ½Ɣɥ0Ŏǭŭɘ0¥.ėȕ
ĎE)D (Kulikov (2012))0+B1Ũƛȩǀ-èɬ$*1-ȟ
ɱȤǲDɦĮǀƷø0ɉ (prosodic boundary 0Ǒɮ0ɉ) .A&)>FD
0ɥùǀȢǧĖÙEDÖǼĹǍçED 




-GE)D (ư.Kharlamov (2012))!0yŨ*ȟɱȤËǥ-Ȥŷ (ƿȠ
























ɥ.ə)Matsui (2011), ɖɓɥ+ŝşɥ.ə)Kharlamov (2012)) 
 Matsui (2011) 1uTJȤ.ċðD 2 ď0ŲđďȤ (/rok/ vs. /rog/, /luk/ vs. /luɡ/) 
H 6 0uTJȤƔȤȠǸ.ǹD+.A&)ȤŷɚČɥ,0A.ǉȔ
ED0HƃȚ# (ɥùÜĊċɱ+ɥùĠ¹ċɱ)Matsui (2011) 0ǫŽ1(I) ǹ
Ņ1õĞųùĹƼ-DȤHųĽ¨Þ*ÜĊ (identify) *D+(II) õĞų




Ġ¹ǼÀ1ɜĊǀ*D+>ǍE#Matsui (2011) 1uTJȤ FD 0ɥùǉȔ
HƃȚ#Ų¸0ǋǓ*DƩ*ɐȐ-ȯƴH)D>00ȟɱȤ0ťɜB
E)D+èɬ&# (Ȥŷǲ.ȹÕȉɖɓɥHà<Ȥ 2 ď 4 Ȥ0;) 
 Kharlamov (2012) 1Matsui (2011) AC>þȒƊ-ɥùǉȔċɱ (ɥùÜĊċɱ) 
.A&)ǹŅõĞųùĹƼ-DȤHÜĊ*D+HǍ##$Matsui 
(2011) +Üƈ.!0ÜĊǼÀ1ɜĊǀ*D+Höâ)DB.
Kharlamov (2012) 1ɐêęµż0ǫŽBĬƃȚ#7)0ċɱŹ (­ 5
Ź) .)ǹŅ0êǝ (response) .yȰ)ĪɧH}DɥɧưĴ1
ƳǕ
ɍ.DùĘőÃŎǭŭɘ*D+HŏŜ)D 



















æD+țȿEɥɦƶȩ1ĉ­æ (complete neutralization) HƤD!0
yŨ*0ƤHƃȞ#ȪȘȤ0ǋǓ1æD+ƤEDɥùɘ.
ĳǧ*1D>00yȰ#ɥùǀėƼȕĎED+HǍ)D0A-
ȕĎ1ɥùǋǓǸ.A&)|ĉ­æ (imcomplete neutralization) +åǏ*ǉ
BE)D-Bzȿ0ɥùǀėƼ0ȗɏH=&)1þµ) (I) 
æD+ƤEDɥùɘ.ȕĎEDėƼHõĞȋǍ.ćð)#ďǖ
0ƾȵ+ȑ-ǖ÷ (e.g., Port and O’Dell (1985)) +(II) Üz0ėƼHŨƛȩz0
¾ƹƯ+)ǲ(Dǖ÷ (e.g., Fourakis and Iverson (1984)) +ćðDƆ)
|ĉ­æ0Îƶ?ɥɦȩ+ɥùĈ.D|ĉ­æ0ǲ(Ũ.ə)1
ǋǓǸ0ɘ*Ŷ$yȀ#ȑȗHı)- 
 uTJȤ.)>FD .AD|ĉ­æöâE)D (Dmitrieva et al. 
(2010) -,)Ē-+>ƍ0 3 Ǒɮ0èɬŶȗƘ*D  
 Ǚ 1 0èɬ1ďǖæDƷø.Dɥù0ƹ´ (production) .əDèɬ
*D¯ǀ.1ȟɱȤȤŷ (ƿȠŷ*1-) +Ʒø.ǲD
÷Û (':CȟɱȤ0ŦƿȠ) .)æ|ĉ­*Dßȭȩ0
ñƒD0èɬHȗƘD#=.1«ȊǋǓ (Kharlamov (2012) -,) .A&
)ŏŜE)DȟɱȤȤŷ (ƿȠŷ*1
-) +Ʒø.ǲD÷Û0 FD 0ɥùċƵH 
 Ǚ 2 0èɬ1ɥùǉȔ (perception) .əDèɬ*D¯ǀ.1Üy0ǹ




























 2.3 ǡ*1ųùĹ0ďǖ.əDǋǓǻůH2.4 ǡ*1ųùĹ0æ.əDǋǓ
ǻůHƃȚ#Ÿǡ*1:ŶȗƘ0èɬHȗƘD#=0ǙyƓɞ+)u
TJȤ.DųùwƫùɚČɥ0ɥɦȩ.əDƄȥHřƁD (2.5.1 ǡ)






(phonetic underspecification, Keating (1988))0ǷŨHĐ¬D>0*DBeckman 




-BBeckman et al. (2013) .1ȭȩ0ñD+HŏŜ# 
 !*ŸǋǓ*1ȋĕȋǍ (ɥɦȩ0ŲǨƓɞ) .)ǦĹƫŏĊ*D
÷ÛCD+ĊD (Keating (1988))!0z*uTJȤ0éɫưĴ0ɥɦȩ
+ȘȤ*ȕĎED
passive voicing 0ȫH±ȗɏD 
 ɥùĈ.D|ĉ­ŏĊ0ǷŨHĐ¬DºƩ1 2 'D1 '12.5.1.2 *










 Beckman et al. (2013) 1éɫǦĹ1ƌĀǀ (privative) -ǦĹ*D+ȥ
HŠŎ)D+1ũ.ƃȚ#ɁC*DŸǋǓ0Ƅȥ.)1
Beckman et al. (2013) .İ&)ƌĀǀǦĹ0ǖ÷HÓD8!0÷Û2 Ǒɮ0ÖǼ
ĹƠzDǙ 1 0ÖǼĹ1ƮŨ.ƌĀǀǦĹHŏĊ>ƮŨ1ƫŏĊ+D
ȥ*DǙ 2 0ÖǼĹ1Ũ.ƌĀǀǦĹHŏĊD+ȥ*D
Beckman et al. (2013) 1½ǸHřƁ)# (2.12) 
 
(2.12) 
true voiceȘȤ.DéɫǦĹ (Beckman et al. (2013)) ±Ř (2.1) 





èɬ&# (2.3.3 0ȭȩHÏƭ) 
 ŸǋǓ0řƁ1įǸ0ȥ*DÍ%passive voicing 0ȫHACËǥ.ȥū
D#=0Ƅȥ+)(2.13) HřƁD 
 




DǋǓ+)1Mester and Itô (1989)Lombardi (1991, 1995) -,ŐBED








(2.13) uTJȤ.DéɫǦĹ0Ƅȥ (ɖɓɥ) 
Voiced vs. voiceless = [voice] vs. [X] 
 
(2.13) 1ųùɖɓɥ+ƫùɖɓɥ0Ũ.ƌĀǀǦĹŏĊE)D+ȥ














(2.14) uTJȤ.DéɫǦĹ0Ƅȥ (ŝşɥ) 
Voiced vs. voiceless = [voice] vs. [X] 
                                            
9
aspiratingȘȤ* (G@D) ųùɖɓɥȤƔɥɘ.)ùĘőÃH
 (`K\Ȥ-,) >®Ɂ0Îƶ*ȗɏ*D*F 




 Beckman et al. (2013) *ƵðřƁE)DéɫǦĹHõĞȋǍ  (underlying 
representation) +#÷Û0 FD 0ĊġÅIverson and Salmons (2011) .)řƁ
E)DĬB1ǦĹɞĕƶȩ0žǩ;.A&) FD Hµż)DÍ%FD
HȤŷǲ.DǦĹ0¶Cɡ (delinking) +)ȥū)DDelinking 0ǫ
ŽȤŷǲ0ȋĕȋǍ.)1ÑŨ0ǣ·0éɫǦĹƫŏĊ+-DIverson 
and Salmons (2011) 0µż.ŋD÷ÛuTJȤȤŷǲ.DéɫǦĹ0õ
ĞȋǍ+ȋĕȋǍ1(2.15) 0A.-D10 
 
(2.15) Beckman et al. (2013) .DuTJȤ0Ȥŷǲ0éɫǦĹ (ɖɓɥ)  
Underlying representation: Voiced vs. voiceless = [voice] vs. [   ] 





 yŨŸǋǓ0Ƅȥ (2.13) HõĞȋǍ.Ċ);A!0÷ÛuTJ
ȤȤȤŷǲ.DéɫǦĹ0ȋĕȋǍ1(2.16) 0A.ȋƵED 
 
                                            




Ǚ 2 Ǘ ǋǓǻů 
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(2.16) uTJȤȤŷǲ0éɫǦĹ0Ƅȥ (ɖɓɥwŝşɥ)  
Underlying representation: Voiced vs. voiceless = [voice] vs. [X] 

















 æ+ phonetic underspecification +Həɂ(Dµż1ŸǋǓ$*1-Hsu 
(1996) -B3. Steriade (1997) .)>řƁE)DSteriade (1997) 1Hsu 









ɥHà<)1ƫŏĊ (unspecified) *D+Ċ)DÍ%Steriade (1997) ?
Hsu (1996) 1éɫǦĹ0ɥɦȋǍ+)[+voiced][-voiced][   ] (unspecified) 0
3 Ǒɮ0ȋǍHȣ=)DStariade (1997)Hsu (1996) 0µż+ŸǋǓ.1ɐȐ-










ĉ­) æ0ȕĎ$*1-ďǖǲ.D passive voicing 0ȕĎ.ə)>Ƿ





Ǎ (Ǚ 3 ǗBǙ 6 Ǘ)Ǚ 3 Ǘ*1ɥùƹ´ċɱ.A&)ųùĹ0ďǖ¢#
EDɥùƷø (ȤƔɥɘ) .DuTJȤ0ųùɚČɥ+ƫùɚČɥ0ɥɧư
ĴHǍǙ 4 Ǘ*1ɥùǉȔċɱ.A&)ųùĹ.A&)ďǖDɥù0ǉȔ
Ǚ 2 Ǘ ǋǓǻů 
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ưĹHǍǙ 5 Ǘ*1ɥùƹ´ċɱ.A&)FD .A&)ųùĹ0ďǖæ
D+ƤEDɥùƷø (Ȥŷ) .DųùɚČɥ+ƫùɚČɥ0ɥɧư
ĴHǍǙ 6 Ǘ*1ɥùǉȔċɱ.A&)|ĉ­æ0ɥùǉȔưĹHƃȚ


























<&ǰȌÿǺƠ)(=< (-Wade (2011:11) (')
+ǰȌ,ȵȷȵóþƠƧƯ&7ŕÐĵ
<Ringen and Kulikov (2012) +ȵȷȵ
                                            
1 ǹŽȵȡ&ȵóƗñ,++ȵóƗñ&ſȈðÐȤăȵ+Ţóĵ
+ĈƲ@ƥǧ<ľ; (perceptual cue) &(;Į<ȵȷƑįš7ȁĆ)ýè
<&ǎ:=$<ȵóƗñ%
< (cf. Steriade (1997)) 
Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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óþƠǩć)9=-vPCǹ+ǹŽȵȡ+ŢóȟȜȵ+÷öŔ (97%) ȟȜ
¿ȡ¨í)Ɔ"$óĘŇ¼@"$āƕ=<&Kulikov (2012) 8 Barry (1995) 
7Ringen and Kulikov (2012) &ȿǃũ@ƪ$< 
 +zŘ%Ţóŏőȵ)Ȣ$,ŏő¿ȡ+ȏ%óĘŇ¼¡ŷ<
ſȈƠȻǊ)ǩć=< (Barry (1995))©Ơ),Ţóŏőȵ+ 25.6%)ŏő¿
ȡ+ȏ%óĘŇ¼+¡ŷǸ6:=<&@ƪ=$< (Barry (1995)) 
 vPCǹ+ŢóȤăȵ&ƍóȤăȵ+ĈƲ,ȟȜxŏő¿ȡ+óĘŇ¼)?
<ȵȷƑį %,(Ǽȵ+UElwMǷǀ)Ȣ?<Ƒį8Ȥăȵ)Ȯŉ<







 Kulikov (2012) )<vPCǹǹŽȵȡ+ȟȜȵ+®Ũ%,čŔ+šČĈǹ 
(3 Ĉ 6 ǹ) @ƚ$ŢóȟȜȵ&ƍóȟȜȵ+ȡ+ĕƝŮǯ=$<+z
Ř%ŏőȵ,ƧƯĈȂ&$((:¦Ȍ+9)vPCǹ+Ţ
óŏőȵ),(;+ȻĠ%ȗ®Ơ(óĘŇ¼+¡ŷǸ6:=<&  (Barry 
(1995)) @ǎĹ<&ȟȜȵ %,(ŏőȵ)$7vPCǹ+Ţóȵ
ȵȷƠ)'+9)āƕ=<+@ǣŔ+ȵȷƑį+ǩƋ:öǪƠ)ǰȌ






 Ƶ 2 Ƴ%Ůǯ9)ȋĜƟĒ##
<ȟȜȵ+ÝȺƑį)Ȣ<ȿëǾ 
(Beckman et al. (2013)) ,ÝȺƑį)9"$ 2 Ƽ°ĈƲ< (two-way contrast) ǭ
ǹ@true voiceǭǹ& aspiratingǭǹ)÷²<Ƶ 2 Ƴ%Ś)ŮǯȐ;
ŦƧƯĈȂ&<vPCǹ,ȿëǾƠ)true voiceǭǹ+Ʉ#)®ȿ=$
;+ÝȺƿĵ,voiced vs. voiceless = [voice] vs. [   ] (ưŴ+Ńģ,ƿĵƍ
Ņÿ%
<&@Ǡ) %
<&Ǻŋŭ=$< (Beckman et al. (2013))
(:+Ǻ),ȀǾ+éż=$vPCǹ)<Ţóȵ&ƍó
ȵ+ĈƲ+îğ)





ĘŇ¼ (passive voicing) @&Ƈ=<(:vPCǹ+ȟȜȵ
@ĈȂ&¦ǟƧƯ (Ringen and Kulikov (2012), Kulikov (2012)) )Ȣ<Ȧ;v
PCǹ+ǹƍóȟȜȵȾǜ(óĘŇ¼@"$āƕ=<&,ǩć=$






















)ƪ   
 3vPCǹŽǹǵǏ 1 Ò (ȥƧƯǢºǏ&Ù/) +Ɵǵ@țȵ+ț














Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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ý}ÁPÀu
 ȵó³Ɗ@<6)ƧƯǢºǏ (vPCǹŽǹǵǏ+ùĵ, 1990 ĜƘ3=) )
vPCǹ+Ŗ@#ǻ4{$7:țȵ+Ĭȵȷ®ŨTd\ Praat
@ƚ$RZuJțȵ+Ƶ 1 Wow_t:Ɵǵ@¯;­ěêƠ(ȵ+ĥ 






vPCǹŽǹǵǏ 10 āɀ)Å¹ (ěêĜɃ: 19 źuwQ: 17-22 źŲƉ
 ĕ: 1.6Ɯĵ 5 Òùĵ 5 Ò)+!ÀŔ{+[yU)ǭȡȕǸ6:










                                            
2 ŦǾŖ%,ƧƯ%®ŨĈȂ&(<Ȅŗ@ŋ Ř@āɀÅ¹Ǐ&Ù/
&)<“subjects”&ƚǹ
ƕè, “participants” Ù-=<ö (śŦİƖþ 2009: 8) ś
















Ǵɀǹ (test word) &$Ţó&ƍó+ȕ%šČĈ (minimal pair) @ĻƞÒ
ǳ (ÿǌ{āɀÅ¹Ǐ)&"$±6$­Òǳ)  60 ǹ@ƚķŮǯĈȂ+
Ȥăȵ),ȟȜȵ&ŏőȵÕ3=<ȟȜȵ,~ÛȟȜȵ (/p, b/)xŹȟȜȵ (/t, 
d/)xȇÌǞȟȜȵ (/k, ɡ/) :Ļ<ŏőȵ,ÛŹŏőȵ (/f, v/)xŹǙŏőȵ (/s, 
z/)xĬȗŹǙŏőȵ (/ʃ, ʒ/) :Ļ<0$+Ǵɀǹ, 2 ȵƺ%
;Üȼ+Ȥă
ȵ,Žȵȡ)ǋ<Ȥăȵ+ƣ¶+Žȵ, /i/ /e/ /a/ /o/ /u/ +=%
<ƣ
Ĭ+Žȵ,/a/&Ƶ 1 ȵƺ+ȵƺȺ),üȵ@ 1 #( 2 #Õ5 
 
§ÿ
 ȵóƙ­āɀ,JuwetMæƲ÷þ«+Ȳ(œĂ% 1 #āř 
āɀÅ¹Ǐ)Ŷ+9(ȵó³Ɗ@ǐ<&)9"$Ɵǵ@Ģ­: On 
byl u X-GEN.SG. (ĩ,X +&>)đ)X +ȗ®),Ǵɀǹ (ǹĐ)ƜĵÁŔ
ēŬħǹĐ –a [a]  ǹħ) ì6Ȋ3=$<+9(Ŗ)$,ļ





ƪ=Mama X-GEN.SG. prišla. (X +ŽǨ8"$ŧ)(3.1a) )ȵó³Ɗ+




  (3.1a) On byl u pri[ɡ]-a. 
     (ĩ,prig-GEN.SG. +&>)đ)  
(3.1b) Mama pri[ɡ]-a prišla. 
     (prig-GEN.SG. +ŽǨ8"$ŧ) 
 
 {+ľȸ%ċ­Ɵǵ@țȵÜȼŔ (#3;āɀÅ¹Ǐȵó³Ɗ
@ǐ$Ɵǵ<àŔ) ,1 )# 120 Ü& (Ǵɀǹ@Õ5 60 Ŗ + āɀ+




 zȑ+āɀfvMrm,ȵȷ®ŨTd\ Praat (Boersma and Weenink (2010)) +R
Lsf\@ƚ$Ļxāǟȵóƙ­āɀ@,6<¶)āɀāřǏ (ƶǏ) 
āɀÅ¹Ǐ)Ĉ$ 3 à+[nwR\uyPqw@ǟ("[nwR\uyPq
Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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 ȵó³Ɗ@ŋƪ<6)ƚgX]dIw,SONY MDR-Z700 %
"ț
ȵųÞ, SONY PCM-M10 jyUetuOyV@ƚkELvdIw, SONY 




 ȵȷ®ŨTd\ Praat (Boersma and Weenink (2010)) @ƚ$ȵóȄŗ+ȵȷ®Ũ
@ǟ("ƧƯ+ĊƬ@ÿ6<6)ǮƇďĠ,|)ņ<ŞȡƑį×ƃ
ŔƑį)ƎƋ@Ǆ"$ǩć=:+ďĠ,vPCǹ+¦ǟƧƯ Kulikov (2012) 
&îŦƠ)Ñz%
< (Kulikov (2012) ,ȟȜȵ+4@ĈȂ&$<) 
ŞȡƑį	 
(1) ȟȜxŏő¿ȡ)<óĘŇ¼ńǆŞȡ (ȥVoicing &ǰ) 
(2) ƣ¶Žȵ+ńǆŞȡ (ȥV1 &ǰ) 
(3) Ȥăȵ+ƓƱȗ+ńǆŞȡ (ȥC &ǰ) 
(4)  (ȟȜȵ+4) ȟȜȠŒŞ´&ĬǆŽȵ+óĘŇ¼ȠûŞ´&+= (ȥ
Voicing lag &ǰ)  
Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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×ƃŔƑį	 
(5) Ȥăȵ+ƣ¶Žȵťƴ+îŦ×ƃŔ (ȥ F0 pre C &ǰ) 
(6) Ȥăȵ+ƣ¶Žȵťƴ+Ƶ 1 dItkw\×ƃŔ (ȥ F1 pre C &ǰ) 
(7) Ȥăȵ+ƣĬ+Žȵ+ûƴ+îŦ×ƃŔ (ȥ F0 post C &ǰ) 





ŇĚzŞƠ) 0 )(<Ʀ¿ȡ (Ǘ&ÌǞ&.<ȵ+Ǽȵ+6)ƦŞȡŉ
Ǭ<&@Èŝ<¿ȡ) +šǁŞƋ@ȠûŞƋ&V1 +ǁŞƋ,ȵó
ƃħ+ŇĚ+ĴƊ(ȥ|&ƃħ+ħƒ+ĴƊ(ô¾Ǹ6:=<ŞƋ& 







<iER`y (voice bar) &Ù-=<×ƃŔí+H_tKy+Ţƍ&ƃħ+ħƒ
+ÇŘ@ƨǸ(:ȟȜȵ+óĘŇ¼+ǁŞƋ@ƨÿŏőȵ+ðÐ),








 C ,ȟȜȵ+ðÐV1 ǁŞƋ:ȟȜȠŒ@Èŝ< burst noise +ȠûŞƋ3
%@ǮƇŏőȵ+ðÐV1 ǁŞƋ:ŏőßȵ@Èŝ<ȳ×ţƃǆ
ŞƋ3%@ǮƇ 
 Voicing lag ,ȟȜȵ+ȟȜȠŒ+ŞƋ@Èŝ< burst noise +ȠûŞƋ:Ĭ
ǆŽȵȠû<ŞƋ3%+Şȡȝ@ǮƇ 
 F0 pre C ,V1 ǁŞƋ+ F0 @ǮƇF0 post C ,Ĭǆ+Žȵ+ûƴ+ F0
@ǮƇîŦ×ƃŔ+Ł­),Praat +ǕĖƤȢƂ (autocorretion) @ƚ 
 F1 pre C ,V1 ǁŞƋ+ F1 @ǮƇF1 post C ,Ĭǆ+Žȵ+ûƴ+ F1
@ǮƇdItkw\×ƃŔ+Ł­),Praat + Burg Ƃ@ƚ 

























































































































 ȵóƙ­āɀ)9;ǇǮ 600 +Ɵǵ@Į (60 +Ǵɀǹ × 10 +āɀÅ¹Ǐ) 
3.2.1 %Ȍ09)+!Ɵǵ+ǭȡȕ8ŵōǜö 2 Ò+āɀÅ





:6Ȩõ+ǃũ28 \yLw (5.8%) Ȩõ=
ż;+ 452\yLw (ȟȜȵ 228\yLw + ŏőȵ 222\yLw) ȵȷ®Ũ+ĈȂ
&(" 
 ȵȷ®Ũ(= 452 \yLw+!ŞȡƑį+ǮƇ+6)ıǤ(Şȡ¿ȡ
ƨÿâȱ%
<,+@²)Ȩõ3F0 Ÿƨ)ƹ­=(
 (Žȵ4ȵ (creaky voice) ƀØ)āƕ=ðÐ(') 7²)Ȩõ
F0 post C+)Ȣ$ÀŔ{+Ȩõ=āɀÅ¹Ǐ (M02&M03) +
[yU,F0 post C +®Ũ:,zī)Ȩõ 















































































































 ä 3-6 )ŦƧƯ%ňț[yU+ŢóȟȜȵ&ƍóȟȜȵ+ȟȜ¿ȡ+ó
ĘŇ¼ńǆŞȡ+®ė@ƪä 3-7 ),ŢóȟȜȵ&ƍóȟȜȵ+ȟȜ+ńǆŞ






Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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n[t (Linear Mixed-effect model; ȥLME &ǰ) )9<®Ũ@("ǅ
ǮȚ+Ǯƹ),ǅǮ®ŨTd\FGC R + lme4 aXNyQ@ƚŢóĵ+ȕ
&Ǽȵǋ+ȕ@åÿ»ũ (fixed effect)āɀÅ¹Ǐ+ȕ&Ǵɀǹ+ȕ@r
wVm»ũ (random effect) &3ĭēôŔ,ȟȜ+ńǆŞȡ (C) &ȟȜ¿ȡ+
                                            
3 LME %,rwVm¯Ɛ (random intercept) +4@ÿ<n[t&rwVm¯
Ɛ&rwVmRvyf (random slope) +~Ř@ÿ<n[t@Űƻ<&Í
Ƶ 3Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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óĘŇ¼ńǆŞȡ (Voicing) %



















































Bilabial > Dental 
Bilabial > Velar** 
Dental vs. Velar, n.s. 
 
Bilabial > Dental** 
Bilabial > Velar*** 
Velar vs. Dental, n.s. 








n[t (random intercept model) @ƚ$< 
Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
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 LME )9<Ŋÿ+ǃũC & Voicing +=+ďĠ)Ȣ$7Ţóĵ+åÿ»
ũŢķ%
" [C: X2(3)=16.398, p<0.001][Voicing: X2(3)=455.49, p<0.001]Ţóĵ 
(Voicing)&Ǽȵǋ (POA)+ȡ+ƚ,C )Ȣ$7Voicing )Ȣ
$7Ǹ6:=(" [C: X2(2)=4.9677, p=0.08, n.s.] [Voicing: X2(2)=0.4591, p=0.79, 
n.s.] 
 Ǽȵǋ)?<ǃũ)#$Ůǯ< (Ǡ 3-1 øǈ|)C )Ȣ$
Ǽȵǋ+åÿ»ũŢķ%
" [C: X2(4)=14.767, p<0.01]%~Û
ŹȇÌǞ+ 3 Ǽȵǋȡ%öșſȈ@("öșſȈ),Tukey + HSD
Ƃ@ƚöșſȈ+ǃũC )Ȣ$~ÛȵŹxȇÌǞȵ9;7÷(@
Ê<aUwĮ:= [~Ûȵ&Źȵ+ĕ: 3ms, p<0.1 (Ţķ£Ó), ~Ûȵ&ȇÌǞȵ




@ä 3-6 )ƪ 






;voicing proportion +ěê,19.1% (SD=11) %
" 

Ƶ 3 Ƴ ŢóȤăȵ&ƍóȤăȵ+ĈƲ)Ȣȑ<ȵȷƑį 
 67 































<Ǡ 3-2 )ǮƇďĠ²)ǮƇǃũ@Ǥƽ<(ŢóȟȜȵ+÷öŔ (99.1%) 
, prevoicing %āƕ=6voicing lag )ƤĦ<¿ȡýè("
Prevoicing %āƕ==:+\yLw+ voicing lag +,ǮƇ$(
"$Ǡ 3-2 )$,ŢóȟȜȵ+ voicing lag +ěêxŲƉ ĕ,ǰȉ=
$( 





















         
V1 (ms) 118(19) 128(22) 115(29) 126(29) 114(22) 131(22) 
Voicing lag (ms) 19(9) - 22(9) - 32(8) - 
F0 pre C (Hz) 192(69) 185(68) 189(66) 185(65) 188(71) 180(64) 
F1 pre C (Hz) 435(133) 404(110) 410(112) 399(93) 375(93) 351(81) 
F0 post C (Hz) 224(55) 226(54) 230(61) 224(60) 219(55) 217(66) 






ĠſŮÿ)9"$ŊÿLME )9<ŊƇǅǮ+ǃũ@Ǡ 3-3 )Ǥƽ<(
Voicing lag ,1 @Ȩ0$+ŢóȟȜȵ)$ǶĦƸĽýè(" 
(#3;full voicing %āƕ=) 6Voicing lag +@ĭēôŔ& LME ,
āř$(4 
 
                                            
4 ƍóȟȜȵ+ Voicing lag +4@ĈȂ&$3 #+Ǽȵǋȡ)ĕƝ
<Ô
@Ůǯ+ǃũȇÌǞȵ~ÛȵxŹȵ9;7Ţķ)÷@Ê<&
Ŝ:)(" [ȇÌǞȵ&~Ûȵ+ĕ: 13ms, p<0.001] [ȇÌǞȵ&Źȵ+ĕ: 10ms, 
p<0.001] 





















F0 pre C 
F1 pre C 
F0 post C 



















F0 pre C 
F1 pre C 
F0 post C 














"+,V1& F0 pre C
%
" [V1: X2(3)=41.162, p<0.001] [F0 pre C: X2(3)=11.679, p<0.01]Ţóĵ&Ǽ
ȵǋ+ƚ+Ţķĵ,Ǹ6:=(" [V1: X2(2)=2.1955, n.s.] [F0 pre C: 
X2(2)=1.5067, n.s.]F1 pre C,Ţķĵ+åÿ»ũŢķ£Ó%
" [X2(3)=7.574, 
p<0.1, marginal]++ȵȷȚ)<Ţóĵ+åÿ»ũ+Ţķĵ,Ǹ6:=
(" [F1 post C: X2(3)=6.1286, n.s.] [F0 post C: X2(3)=2.3331, n.s.] 
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 Ǽȵǋ)?<ǃũ)#$Ůǯ< (Ǡ 3-3 øǈ|)V1F0 pre C





















ŏő¿ȡ+¨í)Ɔ"$óĘŇ¼@"$āƕ=< (full voicing) ªëƠ%

"Ţóŏőȵ&ƍóŏőȵ+ªëƠ(\yLw@ä 3-7 &ä 3-8 )==ƪ
 
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 ǮƇ=Ţóŏőȵ (N=110) + 3 ®+ 2 { (76.3%) ,ä 3-7 +9)ŏő
¿ȡ+¨í)Ɔ"$óĘŇ¼@"$āƕ=<aUw%
" zȗ+Ţ
óŏőȵ (23.6%) ),ŏő¿ȡ+ȏ%óĘŇ¼¡ŷ$<&ǩć= 
(cf. ä 3-3)
 ä 3-9 )āɀ 1 %ňțŏőȵ+[yU¨)<Ţóŏőȵ&ƍóŏő
ȵ+ŏő¿ȡ)<óĘŇ¼+ńǆŞȡ+®ė@ƪä 3-10 ),ŏő+ńǆ
Şȡ+®ė@ƪ 































































+óĘŇ¼ńǆŞȡ (Voicing) &ŏő+ńǆŞȡ (C) +%
<p,ĎĠſ
Ůÿ)9"$ŊÿLME +ǃũ@Ǡ 3-4 )Ǥƽ< 
 LME )9<Ŋÿ+ǃũVoicing & C +=+ďĠ)Ȣ$7Ţóĵ+åÿ»
ũŢķ%
" [Voicing: X2(3)=26.936, p<0.001] [C: X2(3)=37.312, p<0.001]Ţó
ĵ&Ǽȵǋ+ȡ+ƚ,Voicing )Ȣ$7C )Ȣ$7Ǹ6:
=(" [Voicing: X2(2)=1.1875, n.s.] [C: X2(2)=42.4322, n.s.] 
 Ǽȵǋ)?<ǃũ)#$Ůǯ< (Ǡ 3-4 øǈ|)3C )Ȣ
$Ǽȵǋ+åÿ»ũŢķ%
"[X2(4)=29.844, p<0.001]%ÛŹ, Ź
Ǚ, ĬȗŹǙ+ 3 Ǽȵǋȡ+öșſȈ@("öșſȈ),Tukey + HSD
Ƃ@ƚöșſȈ+ǃũC )Ȣ$ÛŹȵŹǙxĬȗŹǙȵ9;7Ţķ)
@Ê<&ƪ= [ÛŹȵ&ŹǙȵ+ȡ+ĕ: 16ms, p<0.001, ÛŹȵ&Ĭ



























































Labiodental < Alveolar*** 
Labiodental < Postalveolar*** 





ńǆŞȡ+·Ð+Ȣ@ä 3-11 )ƪ 
  

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 ä 3-11 :ƍóŏőȵ+ðÐŏő¿ȡ+ȝƦ)Ȣ?:÷öŔŏő¿ȡ
+ 40%|+ȹí)®ė$<&ǻ4Ê=<zŘŢóŏőȵ),2 ƭȿ
+®ėaUwǩć=<zŘ,voicing proportion ŏő¿ȡ+ 100%+@Ê
<Mtyf%
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óŏőȵ (N=110) + 76.3%partial voicing +\yLw, 23.6%@Â6$Partial 
voicing +\yLw+«ǲ@®Ũ<&Ǽȵǋ)9<ȕǸ6:=
ä 3-12 )Ǽȵǋ²+ full voicing & partial voicing +ƘȅƒƁ@ƪä 3-12 :
®<9)partial voicing ,)ŹǙȵ (/z/)ĬȗŹǙȵ (/ʒ/) )ǩć=z
ŘÛŹȵ (/v/) ),partial voicing ,1&A'ǩć=(" 
 
/v/ /z/ /ʒ/
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 Partial voicing +ƘȅƔ),ĵĕ7Ǹ6:=ä 3-13 )āɀÅ¹Ǐ²+ full 
voicing & partial voicing +ƘȅƒƁ@ƪä 3-13 :®<9)partial voicing
,ùĵ+Ɵǵ)öƜĵ),1&A'ǩć=( 
 
M05 M03 M01 M02 F01 F05 F04 F02



























Ůǯ<Ǡ 3-5 )ǮƇǃũ@Ǥƽ< 
F ll/ partial voicing per parti ipant 






























 123(22)  147(25)  114(25) 142 (29)  127(28) 146 (26) 
F0 pre C 
(Hz) 
 199(69)  193(64)  195(64) 185(68)  194(72) 194(70) 
F1 pre C 
(Hz) 
472(180) 429(97)  414(162) 353(69) 476(315)  384(90) 
F0 post C 
(Hz) 
218(62)  221(63)  236(59)  216(59) 222(57) 217(63) 
F1 post C 
(Hz) 






























F0 pre C 
F1 pre C 
F0 post C 



















F0 pre C 
F1 pre C 
F0 post C 
 












(Simple effect of Voicing) 
Alveolar** 

 Ǡ 3-6 )ƪ9)V1F0 pre CF1 pre CF0 post C )Ȣ$Ţóĵ+
åÿ»ũŢķ%
" [V1: X2(3)=68.615, p<0.001] [F0 pre C: X2(3)=8.951, p<0.05] 
[F1 pre C: X2(3)=11.666, p<0.01] [F0 post C: X2(3)=14.088, p<0.01]+!V1F0 pre 
CF1 pre C )Ȣ$,Ţóĵ&Ǽȵǋ+ƚ,Ǹ6:=(" [V1: 
X2(2)=1.9478, n.s.] [F0 pre C: X2(2)=3.6235, n.s.] [F1 pre C: X2(2)=0.9954, n.s.] 
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 F0 post C )Ȣ$,Ǽȵǋ+åÿ»ũ7Ţķ%
;[X2(4)=10.528, p<0.05]
Ţóĵ&Ǽȵǋ+ƚǸ6:= [X2(2)=9.0942, p<0.05]%
Ǽȵǋ²)Ţóĵ+Áƾ»ũ@Ůǯ&>ŹǙȵ+4F0 post C +)Ĉ
< Voicing +Áƾ»ũŢķ%































Ȍ8Ringen and Kulikov (2011) 8 Kulikov (2012) +ȵȷȵóþƠǩć&zǖ< 






)9"$7ŢóȤăȵ&ƍóȤăȵ&¿²=$<&@ƪǠ 3-7 ) 













  Voiced Voiceless 
V1 duration Longer Shorter 
Voicing duration Longer Shorter 
Closure duration Shorter Longer 
Voicing lag 






  Voiced Voiceless 
V1 duration Longer Shorter 
Voicing duration Longer Shorter 
Frication duration 
F0 pre C 
F1 pre C 











 āɀ 1 %ǮƇ=ǹŽȵȡ+Ţóŏőȵ+zȗ (23.6%) )ȗ®Ơ(ƍó¾





























<+ðÐŦƧƯ8 Barry (1995) 
ǩćŏőȵ+ partial devoicing ,vPCǹ+ŏőȵ+ÝȺƿĵ+Ņÿ+Ţƍ)
Ȣ<ȀǾ)÷Ȣ?"$< >(:¦)ǰȐ;Ţóŏő
ȵ+ȗ®Ơ(ƍó¾×ã+ȵóƗñ)9"$Ģȅ=&,ǎ)ŏő
ȵ)< partial voicing +Ǥá@ƨÿ<&,ŦƧƯ+ĊƬ@Ȇ<Üȼ%

<Ĭ+ƧƯ)$vPCǹ+Ţóŏőȵ+ partial voicing '+9(Ǥá
)ĔÎ=<+'+9(ȻĠ%Ƙ<+)Ȣ<Ȅŗ+ǝƮıǤ&=< 































NxQüȥ (noise-masking experiment) );"$üȥƊ)şǗ?$wSEǡ)
>öș+ƒǒųÔBĲ"¨ǈƓƝ,Ƥǐ+È/Ȏ=øå(
Ǖǡ
)>öș+ƒǒųÔBşǗƓƝ,ǎŇøå> (Miller and Nicely (1955), 
Grand and Walden (1999), Phatak and Allen (2007), Phatak et al. (2008), among others)
?<+¨ǈƓƝ,Ȕș}%Ƃ>ƒǒųÔbXx,²ƥș+ƜȢ);"$Ƈ(>
&Bĸł$
>  (Miller and Nicely (1955), Grand and Walden (1999), Phatak and 
Allen (2007), Phatak et al. (2008), among others) 










 ƒǒƊ(Ȣħ,´Ǖǡ¯%+Ƈșȋ (Johnson (2002), Boomershine et al. 
(2008), Huang and Johnson (2010)) 9ǕǡťŋƊ)ǐ<?>șȚbXx (Steriade 


















 ŭǡǜƹ+ƒǒųÔBşǗÎ®ƊƓƝ%	> Miller and Nicely (1955) ,Ǆǡ
)> 16 ƜȢ+öșƉǃȔș1B¼ś%ǄǡBŭǡ&>ƻı 5










Ʋ 1996: 278) 
Ơ 4 Ɵ ǡŭșȊ)>ŖïȌþș&ŹïȌþș+șïƒǒżħ 
 89 
)'+;)ƒǒ?>+BşǗMiller and Nicely (1955) +üȥ%,
Ŗïħ+ǽ
%Ƈ(>öș (-/t/ - /d/, /s/ - /z/ (') +ųÔ,2&C'Ǔă




(Miller and Nicely (1955), Kawahara (2006: 563) 8Çź)(<Miller and 












üȥ (Allen et al. (2008)) 
 %,(UdzZçȔș (speech-shaped noise) Bƃ
üȥ);"$8Ǔă
?$
> (Phatak and Allen (2007), Grand and Walden (1999))+&<,ǄǡB
ĄǪ&lUNxQüȥ%Ǔă?Ńńș+Ŗïħƒǒ+ȑ+ųÔbXx,ć
(&8șï·Ŷ9șï)¼>Ȕș (lUMz) +ƜȢ+ǽ




                                            





Ïƿħ	> (Phatak et al. (2008:9))Miller and Nicely (1955) +üȥ%,




































 |ǵ+ǥȟ)Ƣ>7)řƓƝ%,2 ƜȢ+ƒǒüȥBüŎ> (üȥ 2a, b)




ś (noise condition; Ȕșś) 
)>Ŗïħ+ƒǒżħBşǗ> 






















șǻƯ<į> 2 șƥ%	>C +ȁ²)
,Ȍþș©>řüȥ%,C )©>Ȍþș&$ŖïyŹïȉȇș /t, d/Ŗ













ŝ&$Òșƥś)# 3 ß²+ƈǜBĢ3Ǥ5|+ȑ),EPVx^ (U




Ƙ+ PMD661 kzXfuvRzYBƃlGPweKx, AKG Ƙ+ C520 h[






 Ȇșșï+Ʋȓ),șț²ŜWe^ Praat (Boersma and Weenink 2010) Bƃ 
Ʋȓ+ıȜ,ŧ+ǹ=%	>4Ȇșșï (Òșƥ)#3 ^zP
x) +!Å¸&$ 1 ßƌ& 2 ßƌ+^zPxBșï·Ŷ&$ƃ
1 ßƌ
8, 2 ßƌ+^zPx)<+~¢	"ëÓ),3 ßƌ+^zPxB
ƃ%ǿ-?^zPx,șƥ&)³=±³=±șïeDGu
B.wav ěė%øșï·Ŷ,đæGx\xS\Fviu (intensity level; ș
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+ę) B 70dB SPL )Ʈ{°ø 















Voicing during constriction (ms) 12(4) 141(46) 10(4) 139(41) 
Constriction duration (ms) 182(54) 141(46) 231(58) 145(46) 
Preceding vowel duration (ms) 180(87) 215(89) 182(73) 242(90) 
Voicing lag (ms) 22(8) - - - 
 
g½WU¢ 
 wSEǡŭǡǜƹ 16 üȥ)Ç¼ (đæĒȨ: 21 ũvxT: 18-28 ũţŵ


































 üȥ,LvxfuQäƞóù¯+Ȗ(ņý% 1 #üŎüȥÇ¼ƹ,
șï·ŶBƻƻ
șï%	"+B%> ǺßƢ>;)ĸƗ






 ÞȟŇ,1)# 64Þ%	" (Ȍþș 4ƜȢ * EPVx^+ƶ 2ƜȢ * ǜ
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 șï,h[_eKx (SONY MDR-Z700) Bǹ$üȥÇ¼ƹ)ĿƗșï


















Stop, quiet Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 256 (100%)   0 (0%)      256 (100%) 
Voiced 1 (0.3%)   255 (99.6%)      256 (100%) 














Fricative, quiet Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 255 (99.6%)   1 (0.3%)      256 (100%) 
Voiced 1 (0.3%)   255 (99.6%)      256 (100%) 












































 șï+ƾœ)¼?Ȕș (lUMz) ,ƉǃȔș%	> 
 lUNxQüȥ%,ĭƷƊ)lUNxQ+ħǭB(I) JauOzylUNx
Q (energetic masking; EM) &(II) GxeKnzSrxylUNxQ (informational 
masking; IM) )²> (Cooke et al. (2008))EM ,żû+ÚŰŇè+Ĩêƾœ
Ȕș);"$ŻſƊ)ƻ((>&);"$Ƃ>lUNxQ%	>IM ,
ŻſƊǏà)¼ƻı+ſǔĕB}>++Ţ(Ǐà8ǎÓƊ)ȋA
"$Ƃ>lUNxQ%	> (EM & IM +²Ȣ)#
$,Cooke et al. (2008) Ǟ
















 șï+đæƊ(ș+ę (intensity) B 70dB SPL )Ǧň5 șïÑ)Ą$
75dB78dB80dB +lUMzBƃĪ"$șï&lUMz+Ȋ+Ñ
ĄȔșŮ (signal-to-noise ratio; ȍSNR &ǘ) ,??-5dB (70dB - 75dB), 








 șï&lUMz+Óį),șï²ŜWe^ Praat (Boersma and Weenink 2010) +
Vocal Tool Kit Bƃ 
 
g½WU¢
 üȥÇ¼ƹ,üȥ 2a &¬ǹ$
>üȥÇ¼ƹ,üȥ 2a +Ġ)Ư$üȥ
2b B(" 
                                            
5 Praat (Boersma and Weenink 2010) );"$¹)Ǧň 
6 ¹)ĆǑŤ+¢üȥB(
ŕǾ( SN ŮBůû 
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g½x»
 üȥıȜ,éřƊ)üȥ 2a &¬ǹ$
> 
  üȥ 3 +ÞȟŇ,üȥÇ¼ƹ 1 )# 192 Þ%	" (Ȍþș 4 ƜȢ * 
EPVx^+ƶ 2ƜȢ * ǜƹ 2Õ * 2^zPx * Ȕșś 3ƜȢ * Ò 2ßĿƗ) 




 șï·Ŷ,h[_eKx (SONY MDR-Z700) Bǹ$ĿƗșï+ĿƗ)







 șï·Ŷ0+ƒǒīĕBûȅƊ)ǉĸţ&$Ñş±ſǨ (signal detection 
theory; cf. Macmillan and Creelman (2005), Stanslaw and Todorov (1999)) %ĿŞ?$

>Ʈǖȅ d’Bƣ±>Ñş±ſǨ,Š$Ñ&?ñ (noise) +
2 ƜȢ+Ƈ(>ţŵŨǑ²ĎBû?< 2 #+²Ď+Ȋ+?Bľû>&
);"$ÑB?ñ<ş±>ş±»BûȅÀ;&>ſǨ%
	>%,ÑBșï·Ŷ X?ñBșï·Ŷ Y )ƶŀ$Ƹ








(4.1) d’ = z(H) – z(F) 
 
(4.1) )
$H (Hit rate) ,ĿƗ?·Ŷ X X &ßƢ?ºÓ%	>
F (False alarm rate) ,ĿƗ?·Ŷ Y X &ßƢ?ºÓ%	>?< H
& F Bz Ģŷ (ţŵŨǑ²Ď)ƶŀëÓ+Ģŷ) )ðŀ ?? z 















 d’+)ßƢ+¡= (response bias) BûȅƊ)Ɨĸţ&$Ñş±ſǨ%
ĿŞ?$
>c (decision criterion) + Bƣ±>c ,(4.2) +«ė);"$ƣ
±?> 
(4.2)  c = − ! ! ! !!(!)!  
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Bƕǟ$ǉ 4-4 )ȉȇșǉ 4-5 )Ńńș+PwUȓǖƭŝBƗ 
  ǉ 4-4 &ǉ 4-5 <,ȔșB¼&);"$İ+ŗĞǹ=ƼË+
ȕőĕ|=Ȗāś (cf. ǉ 4-2, 4-3) &ŮǱ$ǢƢí¼&ƕǟ%
>4Ȧ1&%,(
ÑĄȔșŮ (SNR) }> (șïÑ)
Ą>Ȕș+șȅó(>) )#?$ǢƢí$
>&8Ǥ5Ë?>   
 



















Stop, SNR-5 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 222 (86.7%)  34 (13.2%)      256 (100%) 
Voiced 82 (32%)   174 (68%)      256 (100%) 
Column total 304 (59.3%) 208 (40.6%) 512 (100%) 
Stop, SNR-8 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 185 (72.2%)  71 (27.7%)      256 (100%) 
Voiced 97 (37.9%)   159 (62.1%)      256 (100%) 
Column total 282 (55%) 230 (44.9%) 512 (100%) 
Stop, SNR-10 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 154 (60.1%)  102 (39.8%)      256 (100%) 
Voiced 119 (46.4%)   137 (53.5%)      256 (100%) 

















Fricative, SNR-5 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 203 (79.2%)   53 (20.7%)      256 (100%) 
Voiced  23 (8.9%)    233 (91%)      256 (100%) 
Column total 226 (44.1%) 286 (55.8%) 512 (100%) 
SNR-8 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 175 (68.4%)   81 (31.6%)      256 (100%) 
Voiced  76 (29.7%)   180 (70.3%)      256 (100%) 
Column total 251 (49.0%)    261 (51%) 512 (100%) 
SNR-10 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 185 (72.2%)   71 (27.7%)      256 (100%) 
Voiced  105 (41%)    151 (59%)      256 (100%) 






?ȩ##ƣ±ǉ 4-6 )ǦșŢė´)Ŗïħ+ƒǒīĕ (d’) &ßƢ+¡
= (c) +ƮǖȅBǏƦ>d’,üȥÇ¼ƹŖïș&Źïș+șï·Ŷ















  Voicing in stop Voicing in fricative 
d’ 1.79(0.96) 2.31(0.8) 












 ŧ)ŖĪ(ßƢ+¡= (response bias) ǟ7<?>×BşǗ>7)ȉ
ȇș(<.)Ńńș+ c +²Ď0 Bđæ&>²Ď&ŖĪ)Ƈ(>×B{
ţř+ t şû);"$şǗ+ƭŝȉȇș+ c +đæ ,0 &ŖĪ)Ƈ(
Ơ 4 Ɵ ǡŭșȊ)>ŖïȌþș&ŹïȌþș+șïƒǒżħ 
 105 
> BË>&ǟ7<? [t(15) = -2.303, p<0.05]ȉȇș+șï·Ŷ)Ą$,
ŹïßƢ0+¡=ǟ7<?>{ōŃńș+ c+ & 0 +Ȋ),ŖĪčǟ









<?șï·Ŷ, 2 șƥ<į=şǗĄǪ+Ȍþș,Ơ 2 șƥȝ)ƶ
$
EPVx^+ƶ,Ơ 1 șƥ)?>ëÓ&Ơ 2 șƥ)?
>ëÓ&BØC%
%üȥÇ¼ƹ<+ßƢBEPVx^ƶ+ś´)

























)Ą> Stress +ãû¾ŝ,ŖĪ%,(" [ȉȇș: X2(1) = 1.4015, p=0.2365, n.s.] 
[Ńńș: X2(1) = 0.2021, p=0.6531, n.s.] 
 <)ßƢ+¡= (response bias) EPVx^ƶ+ĜțBÌ>×BşǗ
>7)c+ BġĊðŇ&ƱěųÓo]u (linear mixed-effect model) );
>ľûB("|ǘ+²Ŝ&ÔŢ)Stress Bãû¾ŝüȥÇ¼ƹ+ǽ
B
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sxYm¾ŝ& 
 +ƭŝȉȇș)ȋ$,c + )Ą> Stress +ŖĪ(ãû¾ŝ,ǟ7<?
(" [X2(1) = 0.9262, p = 0.3358, n.s.]Ńńș)ȋ$,c + )Ą> Stress







>ś)> c + &0 &+čƇBş
Ǘ$5&@0 ;=ŖĪ)ó
 BË"$
>&,Ǖ(" [One sample 















































































(4.3) Ǆǡ (Phatak et al. (2008) ) : Ńńș+Ŗïħ << ȉȇș+Ŗïħ 
 
(4.4) wSEǡ (řƓƝ): ȉȇș+Ŗïħ << Ńńș+Ŗïħ 
 
























 Ơ 2 Ɵ%şǗ;)wSEǡ,ǡŘƶ)
$ŖïȌþșŹïÀ
>&
șȚbXxBË>Ǖǡ%	> (e.g., Akishina and Baranovskaia 2010,  














































 Ÿǋ)1|TGȒȒŷǤ-AŴûȻčɊ0ƠûÆ (final devoicing; ȼ
FD *Ȋ) EɊɌɊûćƶȄƟ?ƂȉA 





Aț"ɊɌĝȑ;?BA*  (|TGȒ)1 Dmitrieva et al. (2010), 
Kharlamov (2012), Kulikov (2012) ,+; ȇȒ-(1Port and O’Dell (1985), 
Warner et al. (2004) ,+) =Ƽȃĝȑ;?BA* (|TGȒ)1 Matsui (2011), 
Kharlamov (2012); ȇȒ-(1Port and O’Dell (1985), Warner et al. (2004),+) 
øàB(A0>-ƤĊ0Ɋûƫú-(ĒǊäA*ƙ
BAȒ-ĒǊEÒůAƆ,Ľǘ,ɊûƶĝƳȑ;?BAƥŇ1ĉ­ä 
(incomplete neutralization) *ã2B1980 Ĥ?ȇȒƈŨƶ-ƾǇȧ;?B(
A,?Ǎ 2 ǋ)Ŕŝ">-ĉ­ä0ċñń-Ⱥ(1Ŷ#
Ǯ"ȁȅEļ(, 










 Ǎ 2 ǋ)Ƃȉ">-|TGȒ0 FD -Ⱥ(1Ȓŷ&Ƶȏŷ	*
ɋĹƶƫú-A FD -Ⱥ(1Ŭ-ƑȢƶșĐ,Ƽȁļ?B(A 
(Dmitrieva et al. (2010)Kharlamov (2012) ) 0Ū)ÊǕ,Ȓŷ (Ƶȏ
ŷ)1,)	*ɋĹƶƫú)0 FD -Ⱥ(1ȜŧȠ(A*EŔŝ
"|TGȒ-(ÊǕ,Ȓŷ (Ƶȏŷ)1,)	-A FD EƂȉ
(A«ǹƾǇ (Kulikov (2012)) 1ĘŤ0ȎɔȒE reading task ->%(į
³(@ċɔǛŽǟ@ąȒĴ-ƤŴ0Ȁì (token frequency 0ȩ,+cf., 




 Ȥ0çɐEȅƔA";-1«ǹƾǇ (Kharlamov (2012) ,+) ->%(Ŕŝ
B(AȎɔȒo¼BÐ959²Í?E
B3-ǤAùÚ0 FD 0ɊûċƩE¾Ɗƶ,ȀìEŘȿ
A";-ŸƾǇ)1Wug test *ã2BAŌƕEƮ(|TGȒ FD -A




 Wug test *1Ƅ(ċñȒ0D@-ƴÜȍEȕſȒ*(ƮAŌƕ)
Berko (1958) ȼȇȒćƤ-ĿƪȇȒć0´ȱEĿ-ĦƮ?B(A ( 
2Roettger et al. (2014) 0bI^Ȓ FD 0ƾǇBraver (2012) 0ǲȒƌǳɊ0ĲɊ
Æ-ȺAƾǇKawahara (2012) 0ŭŸȒ0Ȧƞ-ȺAƾǇ,+) 




ǂB" 2ŬĆȒ0ÊŤĵ dog ? dog-[z] (*dog-[s], *dog-[!z]) *ǿŤ
ĵ@³BA0*ÛƆ-þ0Ą¡"$1Wug *Ȓ?Wug-[z]*
ǿŤĵE@³" (*Wug-[s], *Wug-[!z]) 


















 ċɔ 3 )ǂȜŧ1ǿŤ0|TGȒƏȒȏǨ0Ƶȏ0ɊûȜŧ)A0Ȝŧ
1ǎǨ|TG)0Ʃòȕſ->%(ÓɄ"ȜŧÓɄ0÷Ÿƶ,ƗBEî 5-1
-ǂ   
 8|TGȒƏȒȏǨ 1 Ü (ȼƾǇǾÂǨ*ã4) 0ƵȏEȳɊ 0ȳ





















,Ɋ0ı (intensity) E 70dB SPL -ȕť")Ɋû»Ɲ*(£Ć"Ɋû
»Ɲ0¯ƶ,±ď-&(15.3.3 Ǒ)Ȥ5A 
 ȳɊǗŹ1 A4 ǖ-ËºÙȒ-GPX}aȊØE"|TGȒ0GPX
}a (Va{VGPX}a) 0Ǥ1Ȓ->%(ǭƯ-Ɣ8A (ǭƯGPX}a)Ÿ






|TGȒƏȒȏǨ 12 EĒȚ*" (ģóĤɘ: 20.8 ƍ{}U: 19-22 ƍƇƛ¦















ȎɔȒ (test word) *(ȒŷǤ0ȻčɊ0÷ĨŴûń0ȩ09)ųėĒ
(minimal pair) EŊƴÜȍ 60 ȒEƮņ" ŸƾǇ)ȇƴÜȍ*1Ċǥ
|TGȒ-ċñ,Üȍ)AƂȉĒȚ0ȻčɊ-1ƿǼɊ*ŞŠɊß
8BAƿǼɊ1æƿǼɊ (/p, b/)~ƌƿǼɊ (/t, d/)~ȡÖǸƿǼɊ (/k, ɡ/) ?
ŊAŞŠɊ1æƌŞŠɊ (/f, v/)~ƌǳŞŠɊ (/s, z/)~ĺȮƌǳŞŠɊ (/ʃ, ʒ/) 
?ŊA15(0ȎɔȒ1 1ɊǑ)@ɊǑ0ƀEŊƏɊ1 /i/ /e/ /a/ /o/ /u/ 0
B)AɊǑɎ-1ĄɊE 1&, 2&ß: 
ȎɔȒ 60Ȓ0-ċɔƸƶEɃ";0jHx (filler) E 60ȒÁ" 
 
à
ċɔÏÁǨ1m]bjL}EǽƻƊ0>,Ɋû»ƝEǩ": V kafe sideli 
p’at X-GEN.PL. (‘èǴĩ- 5 (Ç) 0 Xī%(")X0Ȯ´-1ȎɔȒ0ǿŤ




                                                   
1 |TGȒ0ȻčɊ-1ȷȴɊ~ŞŠɊ0-ƠûƿŠɊ /tstʃ/ <ß8BA
+$?<Ŵûń0ȩ->AĒǊ, "%(´żĒȚ-1ß8,8"




ǀÖǸÆȡÖǸȷȴɊ kʲgʲxʲ1ɈǀÖǸÆȡÖǸȷȴɊ k, g, x*ƺǾ´ğ(A
*ŕ?BA) 
 




A 0ǛŽÊŤƁĵ0Ȓŷ-( final devoicing ȪƮBAɊɋƶƫú
³ŻA"%(Ŵû~ƠûȻčɊäA*ƙBAċɔÏÁǨ
1ȎɔȒEƊ0žŦ-õ;ȣF)ƵȏA>ŔǂB"ə 2Odin X-NOM.SG. 
el pečen’e. (1 Ç () 0 X 1P]NEɓ5("	)X 0Ȯ´1ÙȎɔȒɚ 
(5.1a) -Ɋû»Ɲ0 E(5.1a) -Ē(ŵĸB(AŁǏ E (5.1b) -
Ȋ(5.1b) -(ǢįB(AȒȎɔȒ)A 
 
(5.1a) V kafe sideli p’at’ pri[ɡ]-ov  
     (èǴĩ- 5  (Ç) 0 prig-GEN.PL. ī%("’)  
(5.1b) Odin pri[k] el pečen’e. 
     (‘1  (Ç) 0 prig.NOM.SG. 1P]NEɓ5("’) 
 
 ǠçɐŤ11 -& 120 ç)%" (ȎɔȒ 60 Ȓ + jHx60 Ȓ)120 0ç




 Ȧ0ċɔ1Praat (Boersma and Weenink 2011) 0VPylaEƮ(ċǹ"
Ɋûƭ³ċɔE1;A½-ċɔǨ (ǎǨ) ċɔÏÁǨ-Ē( 3 ë0`t}V
a{Tw}Eǹ,%"`t}Va{Tw}-1|TGȒ-ċñAÜȍE
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 ċɔ1M{}kzQðǊÿć±0ɇ,ţČ) 1 &ċū" 
 Ɋû»ƝEśǂA";-Ʈ"m]bjL}1SONY MDR-Z700 )%"ȳ
ɊƉé1 SONY PCM-M10 pZkz{S[EƮqIP|jL}1 SONY 





 ɊɌ´żYja Praat (Boersma and Weenink 2010) EƮ(ɊûȜŧ0ɊɌ´żE
ǹ,%"ƾǇ0ĔǅEĊ;A";-ȈƙĚĪ1-ŕAŰȹƤľáƖŤ




                                                   
2 "#ċɔ 3 )1ċɔ 1 *1Ƴ,@F0 post CF1 post C 0¥1ȈƙB(









(1) ȷȴ~ŞŠÈȹ-AûĠŗÄœǞŰȹ (ȼVoicing *Ȋ) 
(2) ƹ½ƏɊ0œǞŰȹ (ȼV1 *Ȋ) 
(3) ȻčɊ0ƧǉȮ0œǞŰȹ (ȼC *Ȋ) 
(4)  (ȷȴɊ09) ȷȴȸŢĺ-ǞeIW0œǞŰȹ (ȼRelease *Ȋ)  

áƖŤƤľ 
(5) ȻčɊ0ƹ½ƏɊŷǌ0÷ŸáƖŤ (ȼ F0 pre C *Ȋ) 




ŗĢŰƶ- 0 -,AƽÈȹ (ǯ*ÖǸ*3AɊ0ȕɊ0";-ƽŰȹř
ȆA*EÒůAÈȹ) 0ųǙŰƟEȸăŰƟ*"V1 0ǙŰƟ1Ɋû
Ɩĵ0ŗĢ0ŃƝ,ȼ*Ɩĵ0ĵƥ0ŃƝ,üÆȑ;?BAŰƟ*" 
 Voicing 1V1 0ǙŰƟȼ-Ǟ(AƛáŵƖ0œǞŰȹEȈƙ"ȷȴ
Ɋ0ȷȴȮ0ûĠŗÄœǞŰȹEƖĵ?ǁĊAɂ-íɆEùÚ-1VnP
a|Qxs0áƖŤöEÏƢûĠŗÄEÒůAoIVf (voice bar) *ã
2BAáƖŤö0KdzO0ŴƠ*Ɩĵ0ĵƥ0ÑŪEǁȑ,?ûĠŗÄ
0ǙŰƟEǁĊ"ŞŠɊ0ùÚ-1ûĠŗÄEÒůAƛáŵƖ0-ŞŠ
êɊ (frication noise) EÒůAɈáŵƖǻA0)ɊûƖĵ09?ǙŰƟ
EǁĊA*íɆ)A"%(ȷȴɊ0ùÚ*ÛƆ-VnPa|Qx





 C 1ȷȴɊ0ùÚV1 ǙŰƟ?ȷȴȸŢEÒůA burst noise 0ȸăŰƟ8
)EȈƙ"ŞŠɊ0ùÚV1 ǙŰƟ?ŞŠêɊEÒůAɈáŵƖǞ
ŰƟ8)EȈƙ" 
 ȷȴɊ0 Release 1ȷȴȸŢŰƟEÒůA burst noise 0ȸăŰƟ?êɊ
ǞŰƟ8)0ŰȹȵEȈƙ"3êɊ-1 burst noise ->AêɊ*ãƒ->AêɊ 
(aspiration noise) *ß8B(A|TGȒ0«ǹƾǇ1B? 2 ǆɒ0êɊÈȹ
EÚD"ÈȹERelease portion duration” *(Ȉƙ(AŸƾǇ)<|TG
Ȓ0«ǹƾǇ-ƛA÷ƛEÔA**A 
 F0 pre C 1V1 ǙŰƟ0 F0 EȈƙ"F0 post C 1ĺǞ0ƏɊ0ăǌ0 F0
EȈƙ"÷ŸáƖŤ0ő³-1Praat 0ǭĞƺȺƕ (autocorretion) EƮ" 
 F1 pre C 1V1 ǙŰƟ0 F1 EȈƙ"F1 post C 1ĺǞ0ƏɊ0ăǌ0 F1
EȈƙ"jLzq}aáƖŤ0ő³-1Praat 0 Burg ƕEƮ" 






                                                   
3 |TGȒ0ȒŷȷȴɊ16*F+0ùÚÖǬ0ȷȴȸŢE%(ċƩBA 






 Ɋûƭ³ċɔ->@ǠȈ 720 0ƵȏEļ" (60 0ȎɔȒ  12 0ȏǨ) 
0$ȇȹȩ=ȇ>+9Ɋûƶ,İÆǷaP}A1ȳɊ
0çɐ (ŵ.ɅɊǻ%("ùÚ,+) AaP}E?;ȿý
" 0ǛŽ28 aP} (3.8%) ȿýBƎ@0 692 aP} (ȷȴɊ 340
aP} + ŞŠɊ 352 aP}) ɊɌ´ż0ĒȚ*,%" 
 ɊɌ´ż,B" 692 aP}0$F1 pre C 0´ż-(1/dnek/, /dneg/, 
/ses/, /sez/ 0 4 Ȓ0ȈƙŤ¥Eȿý" 0ƪƯ1B?0Ȓ-(ɊǑɎ
ĄɊǀÖǸÆĄɊ)ƵȏBAùÚ*@ǀÖǸÆĄɊ0ƹĺ0ƏɊ0ɊǱ



































































 Stop  Fricative 





F0 pre C 
F1 pre C 
voiced > voiceless 
voiced > voiceless 
voiced < voiceless 
voiced < voiceless 
voiced < voiceless 





F0 pre C 
F1 pre C 
voiced > voiceless 
voiced > voiceless 
voiced < voiceless 
voiced < voiceless 




AǺ 5-1 ?´A>-Ŵû*ƠûɊ0ȹ-1&0ɊɌĝȑ;?BA 
 ?-½- 10 Ü0|TGȒƏȒȏǨ-Ɋû»ƝEǩA*->%(Ɋ
û»Ɲ-ß8B(AŴûɊ*ƠûɊ*É´-ǩÔ@=ÞEǁȑ"




 0½ȕſ (ı¹ȫŏŪĮ0ɊûÛĊċɔ) 0ǛŽ|TGȒƏȒȏǨ1Ɋû»
Ɲ-ß8B(AǿŤĜƁÜȍ0Ŵûń0ȩE67ǁċ-Ƽȃ)A*Eǁȑ

















                                                   
4 ƋǏƨ 95%-ĒŁA d’0¥ 3.29 )A*EǧňA*¨ċɔ)ļ?B
" d’ƺĳ-ɕ¥EÔ%(A*ƪȅ)A 
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V1 
 
106(18) 112(17) 106(25) 111(21) 106(19) 115(23) 
Voicing 
 
13(5) 16(7) 15(11) 17(13) 14(8) 16(9) 
C 
 
115(20) 114(22) 93(20) 95(23) 92(20) 92(18) 
Release 
 
54(29) 47(25) 52(21) 48(24) 61(25) 64(31) 
F0 pre C 
 
239(72) 238(76) 238(70) 236(69) 241(74) 244(75) 
F1 pre C 453(108) 454(104) 450(106) 445(108) 428(123) 422(104) 
 
 ċɔÏÁǨ=ȎɔȒ0¤ĝEȟ(ȄđBA>,©ÝEŚĊA";-Ǣ
ĵƘÚt`z (Linear Mixed-effect model; ȼLME *Ȋ) ->A´żE,%
"Ŵûń0ȩ	*ȕɊǤ0ȩ	EïĊÃŽ (fixed effect)ċɔÏÁǨǨ
0ȩ	*ȎɔȒ0ȩ	Ex}[sÃŽ (random effect) *"ĻĜüŤ1ÙȈ
ƙĚĪ)Ap¥1ęĪƑƂĊ (Likelihood-ratio test) ->%(ŚĊ"ȷȴɊ
0´ż)16 &0ɊɌƤľ?ŴûɊ*ƠûɊ0ĝEþȰƶ-ƂȉA";
Ǎ 5 ǋ ȒŷǤ-AŴûȻčɊ0ƠûÆ: ɊɌ 
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Bonferroni correction ->%(ŴņƓƛEȕť" (α adjusted = 0.008 (0.05/6))LME 0
ǛŽEǺ 5-3 -ȀǔA 
 8ŸƾǇ0Șȗ-ƹřȺ¢0A÷ĨŴûń0ȩ	0ïĊÃŽ0ǛŽE
Ƃȉ>Ǻ 5-3 -ǂ">-V1 -Ⱥ(Ŵûń0ȩ	0ïĊÃŽŴ
ņ)%" [ŚĊB"ĝ0ÿ: 5.1ms, X2(3)=19.207, p<0.001]Ŵûń	*ȕ
ɊǤ	0ïĊÃŽ0ȹ-1Ŵņ,Ʈ1ȑ;?B,%" [V: X2(2)=1.8199, 
p>0.4, n.s.] [Voicing: X2(2)= 0.3765, p>0.8, n.s.] 00ɊɌƤľ-Ⱥ(1Ŵûń	
0Ŵņ,ïĊÃŽ1ȑ;?B,%"[X2(3)=7.4815, p>0.05, n.s.] [C: X2(3)= 0.5268, 
p>0.9, n.s.] [Release: X2(3)=4.5532, p>0.2, n.s.] [F0: X2(3)= 1.9466, p>0.5, n.s.] [F1: 
X2(3)=0.5399, p>0.9, n.s.] 
 ȕɊǤ	-DAǛŽ-&(ƂȉA (Ǻ 5-2 ĀǢ)C * Release
0ɊɌȲ-Ⱥ(ȕɊǤ	0ïĊÃŽŴņ)%" [C: X2(4)= 27.529, 
p<0.001][Release: X2(4)= 16.687, p<0.001] )æ, ƌ, ȡÖǸ0 3 ȕɊǤȹ0
þȰƑȢE,%"þȰƑȢ-1Tukey 0 HSD ƕEƮ"5 
 þȰƑȢ0ǛŽC -Ⱥ(1æɊƌ~ȡÖǸɊ>@<Ŵņ-ÿ,¥EÔ
A*ǂB" [æɊ*ƌɊ0ĝ: 20ms, p<0.001, æɊ*ȡÖǸɊ0ĝ: 22ms, 
p<0.001, ƌɊ*ȡÖǸɊ0ĝ: p>0.8,n.s.]Release -Ⱥ(1ȡÖǸɊ0¥æ~
ƌɊ>@<Ŵņ-ÿ*ȑ;?B" [ȡÖǸɊ*æɊ0ĝ: 12ms, p<0.001, 
ȡÖǸɊ*ƌɊ0ĝ: 12ms, p<0.001, æɊ*ƌɊ0ĝ: p>0.9, n.s.]  
 
 
                                                   
5 Ȉǐ1ǝȈ´żYja R 0 Multcomp g]RU->%(,%" 
































































Bilabial vs. Dental*** 
Bilabial vs. Velar*** 
Velar vs. Dental, n.s. 
Velar vs. Bilabial*** 
Velar vs. Dental*** 










































































œǞŰȹ0¿Ú0Ⱥ¢Eî 5-8 -ǂ 














































 Ǻ 5-4 -ÙǆŰȹƤľ~áƖŤƤľ0ȈƙǛŽEȀǔAȷȴɊ*ÛƆ-Ş
ŠɊ-Ⱥ(<ǢĵƘÚt`z (Linear Mixed-effect model; ȼLME *Ȋ) -
>A´żE,%"Ŵûń0ȩ	*ȕɊǤ0ȩ	EïĊÃŽ (fixed effect)
ċɔÏÁǨ0ȩ	*ȎɔȒ0ȩ	Ex}[sÃŽ (random effect) *"Ļ
ĜüŤ1ÙȈƙĚĪ)Ap¥1ęĪƑƂĊ (Likelihood-ratio test) ->%(ŚĊ
"ŞŠɊ0´ż)15 &0ɊɌƤľ?ŴûɊ*ƠûɊ0ĝEþȰƶ-Ƃȉ
A";Bonferroni correction ->%(ŴņƓƛEȕť" (α adjusted = 0.01(0.05/5)) 













































V1 122(22)  125(21)  123(21)  126(26)  124(20) 130(23) 
Voicing  15(7) 17(8)  11(6)  16(13)  14(5)  16(7) 
C  150(30)  141(34)  163(29)  155(30)  165(29)  163(26) 
F0 edge  241(72)  243(75)  247(77)  248(79)  250(74)  248(73) 
F1 edge  455(130) 459(119)  422(110) 423(98)  453(132) 445(119) 
 
 LME 0ǛŽEǺ 5-5 -ȀǔAų·-ŸƾǇ0Șȗ-ƹřȺ¢0A÷Ĩ
Ŵûń (Underlying voicing)	0ïĊÃŽ0ǛŽEƂȉ>Ǻ 5-5 -ǂ">-
Voicing -Ⱥ(÷ĨŴûń	0ïĊÃŽŴņ)%" [ŚĊB"ĝ: 4.8ms, 
X2(3)=15.89, p<0.001],÷ĨŴûń	*ȕɊǤ	0Ʈ1Ŵņ),
%" [X2(2)=2.9364, n.s.] 00ɊɌƤľ-Ⱥ(1÷ĨŴûń	0ïĊÃŽ0
Ŵņń1ȑ;?B,%"  [V1: X2(3)=6.436, n.s.] [C: X2(3)= 0.5268, n.s.] [F0: 
X2(3)=0.7887, n.s.] [F1: X2(3)=0.6267, n.s.] 
 ȕɊǤ (POA)	-DAǛŽEƂȉA (Ǻ 5-5 ĀǢ)C 0ɊɌȲ-Ⱥ
(ȕɊǤ	0ïĊÃŽŴņ)%"[C: X2(4)=14.767, p<0.01] )æ, 
ƌ, ȡÖǸ0 3 ȕɊǤȹ0þȰƑȢE,%"þȰƑȢ-1Tukey 0 HSD ƕ
EƮ" 




ÔA*ǂB" [æƌɊ*ƌǳɊ0ĝ: 14ms, p<0.01, æƌɊ*ĺȮƌǳɊ0ĝ: 






















































Labiodental vs. Alveolar** 
Labiodental vs. Postalveolar*** 







 ċɔ 3 )1«ǹƾǇ (Kharlamov (2012) ,+) ->%(ŔŝB(A










ƹ½>@<ȵ(> 5.1 ryǃ) 
~ ȒŷŞŠɊ00ÕDlÀÙ11÷ĨŴûɊ0Ū÷ĨƠûɊ 
   >@<ȵ(> 4.8 ryǃ) 
 





 Ǎ 2 ǋ* 5.2 Ǒ)Ƃȉ">-ŸƾǇ*Û0ɋĹƶƫú-A FD EƂȉ
"«ǹƾǇ- Kulikov (2012) A÷ĨŴûȷȴɊ*ƠûȷȴɊ0ƹ½ƏɊ0
œǞŰȹ	*ƏɊŷǌ0Ǎ 1 jLzq}aáƖŤ	0¥-Ŵņĝȑ;?BA*
Eøà",? Kulikov (2012) 1reading task ->%(ȎɔȒEį³
(A";ċɔǛŽǟ@ą0ĶɌEÕ(A×ǫńEŘȿ),%"Ÿƾ
Ǉ)1ǟ@ą0ĶɌ,+0¾Ɗƶ,ȀìE×ǫ,Ƚ@Řȿ"źEƮņ&
Ǎ 5 ǋ ȒŷǤ-AŴûȻčɊ0ƠûÆ: ɊɌ 
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  0Ū)Dmitrieva et al. (2010)Kharlamov (2012) 1ƧǉȮ0œǞŰȹ	=
ȷȴȸŢĺ0eIW0œǞŰȹ	-ŴņĝEȄđ(AŸƾǇ= Kulikov (2012) 
)1B?0ɊɌƤľ-1Ŵņĝȑ;?B,%"0>,ȩ1Ƶȏ0
ɋĹź0ȩ-ȞìA×ǫńAKulikov (2012) *ŸƾǇ1ȎɔȒEžŦ
-¬B"ƥŇ0ƵȏE´ż(A0-ĒDmitrieva et al. (2010)Kharlamov (2012) 
1ȎɔȒ0ÊƦƵȏE´ż(A"%(½Ǩ0ɋĹƶ,ź1ÊǕ,Ȓ
ŷ (Ƶȏŷ)1,)ĺǨ1Ȓŷ&Ƶȏŷ*Ɵ)ɋĹƶƫú0ȩA6
                                                   
6 Chen (1970) 1ÊƦƵȏ0ź)ƹ½ƏɊ0œǞŰȹ	-ĝƳEøà(A
"#Chen (1970) 0ȏǨ1 1 Ü (Ĥɘń¸1Ů) )%"";ķÊȒ0Ê
ƦƵȏ)Ȅđ"ƏɊȵ0gZ}|TGȒƏȒȏǨ-ǰƶ-ȇA©Ý,0
Þ1Ů)A8"Chen (1970) 0ƾǇ0ȺĿ1ƏɊȵ)%"";




(prosodic boundary) 0ıĪ0ĶɌEÕA*ŔŝB(A  (e.g., Kuzla 
(2003))"%(|TGȒ-(<ɋĹúƱ0ıĪ FD 0ɊûƶȐǘ-
Ǔƶ-ĶɌEÐ7("*(<łȘ)1,#CŸƾǇ)1«ǹƾǇ0
´ż*ċɔ 3 0ǛŽ?|TGȒ-A FD 0ɊûċƩ*ɋĹúƱ0ȹ0Ⱥ¢-
Ⱥ(·ŵƶ,ǧđE"ĺ0ƾǇ-(ɋĹúƱ0ıĪ0ȩ FD
0ɊûċƩ-AĶɌEǓ-ȕſA*ŀȀ)A 
 Ÿǋ)1ǟ@ąȔ90ÌɀńEȬȎɔȒ0ƮɏĪEĹ- () "ù
Ú-<ÊǕ,ȒŷǤ (ɈƵȏŷ) *ɋĹƶƫú-A÷ĨŴûȻčɊ*Ơ
ûȻčɊ1Ƴ,AńȝEœ%(A*Eǂ"0ǛŽ1|TGȒ-A


















ĶŽ-mQCƱƱĵƎ+=ĲÔǑãǞ,śÔ­ (final devoicing; ǒFD




&ŲźƗĮAļƪ=Ń+ 6.3 Ƃ+&mQCƱ,tÞxÅ+ǐ=ħ 




 ž 2 Ž'Ī+ļƪ :+ǞÔűƤ+ǐ=ƝŲź-mQCƱ,ƱĵƎ





 'ĶŽƝŲź+&ĴƦŐ,Èǣ 2 řAļƪ= 











 (1) Aļƪ= 7+ĶŲź-ƟǧƓ (within-subject, or repeated-measures) Ʃ












áǧ 4 +&áǧ´©Ɠ-=ŪƮAƔ,x+Á4>&=ƭǧƱ (Ʊ
ĵƎ+ÏùĲÔǞ*ÏùśÔǞAÁ6Ʊ) '# ,AÉſ  (½ß
áǧ)ÉſĨő-ý£ 2ēĨüAėŦƔĐǅē ſ,Źǥ (response type) 

















=Ɠ-Á4>&*4 >;,ƮƓ-áǧ 3 ,ǞÔťáǧ+´©&




ǂŦƘ¨+()4=((, 3 řAŴư  
áǧ+Ǘ&áǧ´©Ɠ-}ĉÐ,¶<đ+$&įǝ(¸Ǣ'ƳĬA·
å+$&½Ċ Ɠ,5áǧ+´© áǧ´©Ɠ+-³¥(&ś'´
©& ! áǧĂ+êǤ,ƛÛAŕ  
 
ál³
áǧ´©Ɠ+Ɣ ǞÔ¤Ř-áǧ 3 'ėǋ ŪƮ\pW,PbUY] (48
Źǥ) '<ơĤ,ŋƱƮƓ,ŪƮÁ4>&=>;,ǞÔ¤Ř-ƱĵƎ
ž 6 Ž ƱĵƎ+=ĲÔǑãǞ,śÔ­űƤ 
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+ǑãǞ (ųƠǞ(ğġǞ) AÁ6ŪƮ;ď=ųƠǞ-wÇųƠǞ (/p, b/)oŅ
ųƠǞ (/t, d/)oƻ¸ƜųƠǞ (/k, ɡ/) ;ď=ğġǞ-ÇŅğġǞ (/f, v/)oŅƚ




,ǞǠŞą-áǧ 3 'ŵ> :+ƮĐǞÔAť=ŉǖ'ÏùĲÔ
Ǟ(śÔǑãǞ,Ǐ+ĲĊîƥæ>&= (î,Ĩ¿: ÏùĲÔǞAÁ6Ʊ > 
śÔǞAÁ6Ʊ)1ƔĐ,űƤ¹ƘĈAó÷ļƪ= 7+Ń, 2 Ə,ǞÔ¤
ŘƏAŦĊ *@"qĨ-Ʊĵ+ÏùĲÔǞAÁ6Ʊ(>+çć=śÔ
ǞAÁ6Ʊ,Ǐ,ǞǠŞą,îōƼūØƏ (î,Ĩ¿: ÏùĲÔǞAÁ6Ʊ > 
śÔǞAÁ6Ʊ) '<Ĩ-ǞǠŞą,î3(B)śƿĨ¿,`WnA
(=Ə, 2 Ə'=ǒàū+¦ƓA +cue ƏĂƓA -cue Ə(Ä0(+
= 















;>  (Ưƅ-áǧ 3 A´ŝ) 







 V   Voicing 
           
+cue 85(17) 111(18)    +cue 11(3) 18(5)   






 V     Voicing 
           
+cue 102(09) 127(16)    +cue 16(5) 23(6)   




-dY^aGn;Œ>&=Ń,:*ǞÔ¤ŘAƔ : Odin X.NOM.SG. el 
pečen’e. (‘q® (}) , X -KYJpAǦ2& ’)X +-ƭǧƱ=,:
*ǞÔ¤ŘAƔ Ăáǧ´©Ɠ-X +=Ʊ'=A 2 Źǥ,ǅēƖ
;ǅ0:+ĕŵ>  (ý£ 2 ēĨü)ǅēƖ-ò+
ÏùĲÔǞ(>+
çć=
ÏùśÔǞu;> .X + /prik/ (Ʊ# ǞÔ¤
ŘAƔ Ñ¼Éſ,ǅēƖ(& “prik” ( “prig” u;> 2Éſ,ǅ
                                                   
2 mQCƱ'-^EZƱ*)(½ŀÏùĲÔĈ,¯¡(ńįő,Ǐ+çć=
(: /luk/‘лук’ – /luɡ/‘луг’) 




q,ǞÔ-ÉſeWn,íºǈƎA>Ĝ& 2 Éěŵ>=:+  

}ä¤^á¡¼ã
ÈǣĤ-1 }+$ 96 ǣ(  (48 Źǥ,ǞÔ¤Ř2 Źǥ,eWnǈƎ)96
,Èǣ- 8 $,bmYK+§ ǪbmYKƆ@=Ō+áǧ´©Ɠ-ĆƢ+
ć&Ď,łAu;> dY^aGn-SONY MDR-Z700 AŦ q
ǁ,áǧ-Praat (Boersma and Weenink (2011)) ,űƤáǧŦSKjc]AŦ&á
Ɲ  
Ń, 2 Źǥ,ǡø'ǞÔ¤ŘAáǧ´©Ɠ+ěŵ : °Ĥ,áǧ´©Ɠ+-½
qƮƓ,ǞÔA½qbmYK+4(7&Ɣ (bmYKǡø-áǧ´©Ɠ(+













ž 6 Ž ƱĵƎ+=ĲÔǑãǞ,śÔ­űƤ 
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 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 248 (64.6%) 136 (35.4%) 384 (100%) 
Voiced 232 (60.4%) 152  (40%) 384 (100%) 
Column total 480 (62.5%) 288 (37.5%) 768 (100%) 
 
 





 Response  
 
Voiceless Voiced Row total 
Stimulus 
Voiceless 259 (67.4%) 125 (32.6%) 384 (100%) 
Voiced 220 (57.3%) 164 (42.7%) 384 (100%) 
Column total 479 (62.3%) 289 (37.6%) 768 (100%) 
  
 ƞ 6-3 (ƞ 6-4 ,column total” ,Ɲ+>>Űŭ=(ū+
ĲÔ:
<8
śÔ(Éſ> Ĥ×(ƴ5¶>=4 response, voiceless
(voiced+>>Űŭ=(ǞÔ¤Ř,ÏùĲÔĈ,ǃ+:#&É
ſï+99îũ=(ƴ5¶>=>;,Şą-ƞ 6-3 (ƞ 6-4 ('
ž 6 Ž ƱĵƎ+=ĲÔǑãǞ,śÔ­űƤ 
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ǀ&=áǧ´©Ɠ¡+Ɓ űƤċú,ĕŁ d’,ôÎ-ǎǌǞ' 0.14 (Ł
ŗî: 0.38)ğġǞ' 0.31 (Łŗî: 0.41) '#  (d’,ƁĨő+$&-ž
4 ŽA´ŝ)ńſš 95%+çć= d’, 3.29 '=(Aƒč=(Ķá
ǧ'Ą;> d’ůþ+A¶#&=(ŢƦ'= 
 áǧ´©Ɠ9ǞÔ¤Ř,îAƒč+> r'Éſ,ǅē+ÿǠAu=Ƣ
ÊAļƪ= 7+œ¼mRY]h\k (Mixed logit model) +:=ƉƩƦĹAáĩ

















Aļƪ  (h\k 1)h\k 1 '-
ǞÔ¤Ř+=ƱĵǑãǞ,ÏùĲÔĈ
                                                   
3 ƨƱÝ,Ĺ+&-Ŵš'Ŀď>=\pW (Éſš*)) +ç&ģ
Ĺ (ANOVA) AǄŦ=,ČƑū'<ĶŲź,ĳŉǖ,Ųź (ĸ{ 2013) 





A ! +ƫ&ċƹ= 
 




ƱĵǑãǞ,ƶǞŀü (StimManner)AËß«ĺ (fixed effect) (
áǧ´©Ɠ(ǞÔ¤Ř,ǃAinXg«ĺ (random effect) ( ăëÕĤ-É
ſ,Źǥ (
ĲÔvs.
śÔ) (  
 h\k 1 ,ƈĺAƞ 6-5 +ƢƄ=h\k 1 Aļƪ ƈĺStimVoi ,Ëß
«ĺĲĊ'#  [z=2.078, p<0.05]ƞ 3 +ŵ :+ÉñĤ;Ɓ
 HYTō (odds-ratio) - 1.7 '# 4,(-Voiceless ,ǞÔ¤ŘAƔ
 Ñ¼+
śÔÉſ*>=Ŵš-Voiced ,ǞÔ¤ŘAƔ Ñ¼+ō2&




D 	,)*D 	 ?.§0I/,)"*D.§A9/LÏ;-
p©5§?0=<zBD,MTR¯ "!# C cLbÓ9<-


















                                                   
4 HYTō (Odds-ratio)-ÉñĤAĕĤ+ÕĜ '= 

















 h\k 2a ,ƈĺAƞ 6-6 +ƢƄ=h\k 2a Aļƪ ƈĺǎǌǞ'-
V ,Ëß«ĺĲĊ'#  [z=-3.365, p<0.001]HYTō (odds-ratio) - 0.99 '
# ,(-Voiceless ,ǞÔ¤ŘAƔ Ñ¼+
śÔÉſ*>=Ŵ
š-Ů¦ŋǞ,ĔƋĭǏ 10 fjŶÓ©=(0.1 Ŕê= ($4<0.9 
+*=) (AĊÃ=qĨğġǞ'-V ,Ëß«ĺ,ĲĊĈ-ư7;>*





                                                   
5 V ( Voicing -ž 5 Ž,ǞÔťáǧ+&ÏùĲÔĈ,ǃ(ǐǁ=
(Ī+ŵ>&= (Ư-ž 5 Žáǧ 3 A´ŝ) #&StimVoi, V, 
Voicing , 3 ÕĤ,Ǐ+-z+ýůǐǐ=(yŖ>='ş
żÕĤ (i.e., Ëß«ĺ) Ǐ,×ǉƌĈ (multicollinearity) ,±ǕĈAƒč&3 Ź
ǥ,¡	,h\k+:#&ļƪ 4 ǑãǞ,ŹǥǎǌǞ*,ğġǞ*,
+:#&8ǞÔ¤Řx,V(Voicing,Ɗç,ïũ*#&= 7 (ƞ 6.1
6.2 A´ŝ)ǎǌǞ(ğġǞ,\pWUY]Aǚļƪ  








Stop (N=768)  Fricative (N=768) 


















 h\k 2b ,ƈĺAƞ 6-7 +ƢƄ=h\k 2b Aļƪ ƈĺǎǌǞ+
&8ğġǞ+&8Voicing ,Ëß«ĺ,ĲĊĈ-ư7;>*#  [ǎǌǞ: 





Stop (N=768)  Fricative (N=768) 




















(response type)Ëß«ĺAǞÔěŵĨő (Presentation) (&œ¼mRY]h\k
+:#&ļƪ  (h\k 3) 
ž 6 Ž ƱĵƎ+=ĲÔǑãǞ,śÔ­űƤ 
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 h\k 3 Aļƪ ƈĺPresentation ,«ĺĲĊ'#  [z=2.472, p<0.05]





 Éſ,ńƲ+ÿǠAu=ƢÊAĚß= 7+Éſ,ńƲ (
ńƦſ
Ʋ




AËß«ĺ (fixed effect) (áǧ´©Ɠ(ǞÔ¤ŘAinXg«ĺ (random effect) 
(  
 h\k 4 ,ƈĺAƞ 6-8 +ƢƄ=h\k 4 Aļƪ ƈĺÉſ,ńƲ+ç
=StimVoi ,Ëß«ĺĲĊ'#  [z=-2.402, p<0.05]HYTō- 0.28 '#
 ,(-Voiced ,ǞÔ¤ŘAƔ Ñ¼+ńƦ=Ŵš-Voiceless ,
ǞÔ¤ŘAƔ Ñ¼,0.78 '= ($4<Voiced ,ǞÔ¤ŘAƔ Ñ
¼,ńƦš-Voiceless ,ǞÔ¤Ř,Ñ¼:<8sÉ= ) (AĊÃ=
StimManner ,Ëß«ĺ(|zŦ-ĲĊ'=(-ƨ*#   [StimManner: 
































«ĺAǞÔěŵĨő (Presentation) (&œ¼mRY]h\k+:#&ļƪ  
(h\k 5)h\k 5 Aļƪ ƈĺÉſ,ńƲ+ç=Presentation ,«ĺ,Ĳ





ÀAǞÔ½ßáǧ+:#&ļƪ ǞÔűƤáǧ,ƈĺ-Ń, 3 řAŵ  
 
 









¹Ƙ'=(AŵÆ= !ƔĐ,½ßƘ¨-Ǔ;>& 4 
ś
ÔǞ1,Éſ,<ƥæ> ,ƈĺ-mQCƱ,áÍƱAçƺ( ű
































 áǧ 4 ,űƤáǧƈĺAǞÔťáǧ,ƈĺ (ž 5 Žáǧ 3) (ŝ¼ ƈĺ
Aƞ 6-9 +ŵ 
 






























¼,ĨńſšǨ(# ,ƈĺ,ƗĂ+-6.4.1 'ƨµ :
+ƔĐ,Éſ,< (response bias) =(ƒ;>=²"ƔĐ-
Ĳ




























ǠAu&=(ŵ>  #&rƾ,ǞǠŞą,Øé,5AĠ 
ǞÔAƔĐ+Ɣ Ñ¼+-ǞǠŞą,ÓŔ+#&ƔĐ,ÉſÕ­
=(yŖ>=ğġǞ+ǐ&-ĶŲźļƪçƺ( 2 Źǥ,ǞǠŞą






#&6.4.3 Ƃ'Ī+ƾ2 :+~Ă,Ųź+&-ĶŲź'đ# ǞǠŞ
ąÖ,ŞąűƤ+u=ÿǠAĘŏ=(8ǉƢ*Ƶǣ,Ǫ$(*=














 ĐŒ$+Ŕ 3 Œ9Ŕ 6 Œ$ŊŠĔ?Źś;%%5(Ŕ 2 Œ$úė
YEAƆ(;ƪÆƳ*č¸å*Ëő%ËőÙ(Ʃ;wěoƇ?Ěſ; 
 ĐŒ*ĝê+Ģ*Ƙ:$;17.2 Ř$+Äƿ 1 9Äƿ 4 *ÄƿŠĔ?












 Äƿ 1 (Ŕ 3Œ) $+Ƴ¸ĺÄƿ(8 #č¸å*Ëő{<;Ƴ¸ĸ¶ (Ɔ
cĥƳƨ) (;YEAƆ*č¸ƪÆƳ%ı¸ƪÆƳ*ƳƵĳâ?ĚſŶ
7-1 (Äƿ 1 $àdŹ'ŠĔ?Ŋč¸ƪÆƳ(Ʃ#+¿ƳĵŐƟ*³
(Ĭ #ƽŴ'¸ÐóżÊ<;QJZ²Ł$ ı¸ƪÆƳ(Ʃ#







l O  0nh
Intervocalic stops 
  Voiced Voiceless 
General pattern Robust vocal fold vibration Only voicing tail 
V1 duration Longer Shorter 
Voicing duration Longer Shorter 
Closure duration Shorter Longer 
Voicing lag 






  Voiced Voiceless 
General pattern Robust vocal fold vibration Only voicing tail 
V1 duration Longer Shorter 
Voicing duration Longer Shorter 
Frication duration 
F0 pre C 
F1 pre C 










 Äƿ 2 (Ŕ 4 Œ) $+ƆcĥƳƨ(;č¸ƪÆƳ%ı¸ƪÆƳ*Ƴ¸ņŻĳ
å?ņŻīQJZ*żİ9ĚſŶ 7-2 (Äƿ 2 $àdŹ'ŠĔ?Ŋ
Äƿ 2a $+Ƴ¸ņŻ(% #ķæŁ%ž;đp (ưÇđp) (	#+č¸ƪ
ÆƳ%ı¸ƪÆƳ*ÏĿ+ūë(ƨƜ	'ū9<;%?ÅżŁ(ŉƅ
Ŕ 7 Œ ÄƿŠĔ*Źś%ũÊ 
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l O  0nh
Perception of intervocalic obstruents 
 
Voicing in stop Voicing in fricative 
Perceptible? Yes Yes 
Perception in noise Harder Easier 
 
 Äƿ 3 (Ŕ 5 Œ) +č¸å*Ëőº><;%ž><;Ƴ¸ĸ¶ (Ɔď) (;
	>7;`Âc¦ (incomplete neutralization)*gx*ƳƵƳ¸ŁĚſ(<
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l  O  0nh
Word-final stops 
(Underlying) Voiced Voiceless 
General pattern Only voicing tail Only voicing tail 
V1 duration Longer Shorter 
Word-final fricatives 
  Voiced Voiceless 
General pattern Only voicing tail Only voicing tail 
Voicing duration Longer Shorter 
 
 Äƿ 4 (Ŕ 6 Œ) $+Ɔďsŧ(; (´Ö) č¸ƪÆƳ%ı¸ƪÆƳū
ë(8 #&*8
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l 	O 	 0nh
Perception of word-final obstruents 
 
Voicing in stop Voicing in fricative 
Perceptible? Yes (but limited) Yes (but limited) 








'oƇ$  (7.1) 
 
(7.1) YEAƆ(;©ƺŜå*wěoƇ (ƦƤƳ[þÿƳ) ※ù (2.13) 
Voiced vs. voiceless = [voice] vs. [X] 

ZL{P}
 Ŕ 2 Œ$Ěſ8
(Ķŵ*©ƺĳâ(Ʃ;ƾ²ƋŁňŏ+YEAƆ?¢
3true voicežƆ(;č¸ƦƤƳ*©ƺŜå%#Ŝå [voice] ?ðÃ;
%?úė#	; (Beckman et al. (2013))Ğ(Đňŏ(;wěoƇ (7.1) 
5YEAƆ*č¸ƪÆƳ*©ƺŜå%#Ŝå [voice] ?ðÃ;%?úė








ƆcĥƳƨ* (	>7;) č¸ƦƤƳ(;-;1	%+ĉ9(Ŀ' #	; 





Ŝå [voice] ?ðÃ;úė?Āï; 
 
_L{P}








 Äƿ 1 *ŠĔ+YEAƆ*ƆcĥƳƨ(;ı¸ƦƤƳ+ŵĥƳ9Ť
ĤvŁ'¸Ðó?ƬƦƤƨ(¸Ðó?0%@&q>(ÄĶ<;QJZ
²Ł$;%?Ŋ*ŠĔ+ŵňŏ (Ringen and Kulikov (2012), 
Kulikov (2012) '&) %]Ɛ#	;*8
'ı¸ƦƤƳ*-;1	+NBK




















 Ŕ 1 *ŭå+ [constricted glottis] ?ðÃ;ŭå$; Ŕ 2 Œ$Ƙž
ƆŁ'PWC\EVZ?5<'ô;4(+Í'%5 [voice] [spread glottis 
(sg)] [constricted glottis (cg)] * 3 !?ũé/$;%?ðýBeckman et al. 
(2013) +[voice] % [sg] *2(8 #žƆƨ*PWC\EVZ?ƀƖ[Ƈĉ8

%#:[cg] +ũé<#	'	 
  [voice] [sg] [cg] * 3 ōƾ*©ƺŜå*ŭå?ũé(<µYEAƆ*ı
¸ƦƤƳðÃ<
;©ƺŜå+ƋķŁ(+^Ɩ* 3 ōƾ$;3 !*ŭå
?Ʒ(Ěſ#	
 
Ŕ 7Œ ÄƿŠĔ*Źś%ũÊ 
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 1YEAƆ*ı¸ƦƤƳ( [voice] ðÃ<#	;ŭå+Ę<;
''9YEAƆ*č¸ƦƤƳ(5 [voice] ðÃ<#	;%ũ9<;*
$ı¸ƦƤƳ%č¸ƦƤƳËő?'gÄ?½Ü(Ƈĉ$'	9$;1






ƦƤƳ( [sg] ?oÃµtrue voicežƆ%aspiratingžƆ*ƨ*Ɯ	?ô
9<'' #1

















; (Gordon and Ledefoged (2001))ŕŪ+Äƿ 1*gÞē%#4j (Ľ» 2j
!) *ŀƃ(;č¸ƦƤƳ%ı¸ƦƤƳ(ÞŤ;ĥƳ* jitter*}?ĦƔ
#2*ŠĔ]Ɛ#ı¸ƦƤƳ(ÞŤ;ĥƳ* jitter *}č¸ƦƤ











( [-voiced] ?ðÃ;ŭå$;Ŕ 2 Œ(ŊƘ:Đňŏ$+Beckman et 
al. (2013) *ƾ²ƋŁ'ĕŞ2?õĻġ¼ŁŜå?ú%ŽƠ?úė
'9Ŕ 2 Œĩ 8 (ƀ8






(ġ¼ŁŜå?oÃ;ňŏx%#+Mester and Itô (1989)
Lombardi (1991, 1995) '&ñ9<;hƶŁŜå?oÃ;ňŏx%#+







                                            
1 * +ƦƤƳ$+'þÿƳ(5ƅ49< 







(7.2) YEAƆ(;©ƺŜå (ƦƤƳ[þÿƳ) 






 Ŕ 2 Œ$Ěſ8
(Iverson and Salmons (2011) +FD ?Ɔďsŧ(;






(7.4) YEAƆƆďsŧ* final devoicing (ƦƤƳ[þÿƳ)  
Underlying representation: [voice] vs. [X] 
Surface representation: [   ] vs. [X] 
 












 ,;87p0  0D`
 Đňŏ*úė*Ź+ƳƴƋ%Ƴ¸Á*ƨ?Š.ŶÎŶŊ*ôĆ(;tŁ
(+ŶÎŶŊ(	#ŜåıðÃ$;Ĵè (phonetic underspecification, Keating 
(1988)) ?oÃ;İ(;Phonetic underspecification ?oÃ;%*İ+ƾ
²Ƌ^*passive voicing *ƌ%YEAƆƆďsŧ(;`Âc¦?Ţ
]Ł(Ƈĉ;%$;İ$; 




passive voicing ƘÑżÊ<'	]Ćtrue voicežƆ(ƾ<#	
;]Ɵ*žƆ (e.g., GSBZƆ) *ı¸ƦƤƳ(	#+passive voicing %ũ9




















voicing ?ŷ9'	ı¸ƦƤƳ (e.g., YEAƆ) (+ŶÎ$©ƺŜåðÃ<#












(7.5) Variations of intervocalic voiceless stops in true voice languages 
Underlying Not specified Specified [X] 
Surface Not specified Specified [X] 
Active gesture No gesture X 
Vowel-to-vowel coarticulation Robust Minimum effect  
Acoustic realization Passive voicing No passive voicing 
Example Spanish Russian 
 
 Ģ(YEAƆ* final devoicing (!	#Ěſ;Äƿ 3 (	#YEAƆ*
´Öč¸ƪÆƳ+Ɔď(	#¸Ðó?0%@&q>(ÄĶ<;%?Ŋ
                                            
3 ŀ¸(Ʃa;ç¯Ł'w (gesture) %ƈ2ċ#5Ų	=
 






'żÊ+`Âc¦ (incomplete neutralization) *]x%#sŧ"9<; 
 1ŶÎŶŊ$ [X] ðÃ<#	;ƪÆƳ (´Öı¸ƪÆƳ) +Ŝå [X] (
8 #ðÃ<#	;'@9*ç¯Ł'w*ŠĔ%#Ň	¸Ðó?q
 Ƴ¸%#ÄĶ<;%Ƈĉ<;Ģ(Ɔď*č¸ƪÆƳ(Ʃ#+ŶÎ
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(7.6) Word-final incomplete neutralization in Russian 
Underlying Specified [voice] Specified [X] 
Surface Not specified Specified [X] 
Active gesture No Gesture X 
Acoustic realization Short voicing tail Short voicing tail 
 
 *Ř(;ũÊ?Źś;%Ƴ¸Á(;`ÂðÃ?oÃ;%(8










 7.5.1 Ř*Ƈĉ½Ü$;%µpassive voicing *gx%YEAƆ* final 
devoicing *gx+ƳƴƋ%Ƴ¸Á*Ʃz(!	#ű¥Ī	¨Ƽ?ªƒ; 
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(7.6) Passive voicing (e.g., Spanish4) 
    Underlying representation: [voice] vs. [   ] 
    Surface representation: [voice] vs. [   ] 
 




Jessen and Ringen (2002) 5NBKƆ(; passive voicing(Ʃ#phonetic 
process%ŽƠ#	; 





(7.7) YEAƆ* final voicing 
    Underlying representation: [voice] vs. [X] 
    Surface representation: [voice] vs. [   ] 
 
Final devoicing *ı¸Ůt+ [voice] *ŶÎŶŊ(;ıðÃ$;%ũ
9<;TFU\XƇ$+´ÖŶŊ9ŶÎŶŊ(ů;1$+ƳƴƋ$ì><;
¨Ƽ$;%<#	; (cf. Chomsky and Halle (1968)) #*żİ9
+final devoicing +ƳƴƋ(;¨Ƽ%#sŧ"9<;*]Ć$´
                                            
4 aspiratingžƆ*µ(+(7.6) (;[voice] ? [sg] (ŧû#ũ;
%('; 
Ŕ 7 Œ ÄƿŠĔ*Źś%ũÊ 
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åƑ*ı¸QJZ (incomplete devoicing) +ƳƴƋŁ'RYIG (Ɔď(;©
ƺŜå [voice] *ıðÃ) %Ƴ¸ÁŁ'RYIG (ƊƳŠ) *ńiwĻ*ĺĲ
$;%Ŋ§<; 
 *Ř$*ƍƋ?Źś;%Đňŏ(;úė?<µGSBZƆ
'&*ƆcĥƳƨ$żÊ<;įĢŁ'åƑ*č¸QJZ (passive voicing) +
Ƴ¸ÁŁ'RYIG (ƊƳŠ*×	*Ɯ	) %#sŧ"9<;*(Ë Y
EAƆ*Ɔďsŧ(	#żÊ<;įĢŁ'åƑ*ı¸QJZ  (incomplete 
devoicing) +ƳƴƋŁ'RYIG (Ɔď(;©ƺŜå [voice] *ıðÃ) %
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QJZ (incomplete devoicing) +Đňŏ*ķƋŁũÊ(yî;ƫ:įĢŁ'
åƑ?č#	;(5Ʃ>9Ƴ¸Á*ƹ³(ę2;%$'	ĶƏ(
sŧ"9<;ĐňŏŊŠĔ9+įĢŁ'åƑ?č;Ƴ¸QJZ(+




;Ƴ¸QJZ (YEAƆ*Ɔď(; incomplete devoicing) $;ƕÓƳƴƋ
%Ƴ¸Á*ƩzƋ(Ʃã?ï!ňŏŪ(8 #įĢŁåƑ*Ƴ¸QJZ*]Ɵ
?ƳƴƋ(sŧ";/¡%	









;%Ŋ< (Ŕ 3 ŒÄƿ 1)ƦƤƳ%þÿƳ(;č¸å*ƳƵŁƄŝ
Ŀ';%+ƘžƆŁ(č¸%ı¸*Ëő(Ʃ>;¸ƛ*ƊŘĠÕƦƤƳƊ
ƳĊ%þÿƳƊƳĊ%$Ŀ'; (e.g., Kochetov (2014)) %(ļĒ#	;%ũ9
<; 
 Đňŏ$+Ƴ¸ņŻƲ$5ƦƤƳ(;č¸å+þÿƳ(;č¸å8
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 Ƴ¸ĸ¶] (x,ƆcĥƳƨ) $;µþÿƳ+ƦƤƳ8:5č¸å?
;ņŻë:%';ƳƵĳâƎÉ(À±;%ũ9<;Äƿ 1 $Ŋ
8





Crystal and House (1988), Baum and Blumstein (1987), Jongman et al. (2000), Jesus and 









 *Œ*ČÞ(kÞ(Ĥ<ƉƼ(!	# 3 İ(š #Ɩ/; 
 Ŕǁ*ƉƼ+ı¸ƪÆƳ(ðÃ<#	;%ũ9<;u9*©ƺŜå X ?Ě












 Ŕ 2 (Đňŏ$úė phonetic underspecification (8;`Âc¦*ē%
*l*žƆ?ËƏ%TLX (x,Exemplar-based theory (8; Kirby (2010) 






 Ŕ 3 (ƦƤƳ%þÿƳ*ƨ*ƱËŋå(Ʃ;Ěſ?ƚ4;%$;Đňŏ
$+ƦƤƳ(;č¸å*ĆþÿƳ(;č¸å8:5ņŻŁ(ī<
6	 (ƾråǀ	) %?ŊŔ 4 Œ$ðý8
(* +ųƆ



























2. pV®[°zV®[°!+{d/f+ -¹ 
3. pV®[°zV®[° ]:O,+.,+°VU (q) 

!pVd ]°²© ­A!+ ¹ 
4. q
pV®[°zV®[° ¦!L ¹ 
5. 521
+®[° pVd ]]aH!°±¡°VW ¬
 (>),+-¹ 
 




 521 :w°¬ pV®[°!®[° |§µV_hG\
,zV®[° |§!V_hG"0\,,
 \)521 pV®[°zV®[° JnR³dgY,+
F¨E?!Voiced vs. voiceless = [voice] vs. [X] ¨+/i






























 R³{c ¶S¡ (Beckman et al. (2013)) it,+521 R³
d/FulYt/it itTfinal devoicing /F¨
 8 ¡ 
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¥\,+:w°¬ passive voicing521 q>
+yvd£ zVH  (final devoicing) !°VW
+9XCgY 
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Materials for stops (a phonological transcription) 
Bilabial  Dental  Velar 
Voiceless Voiced  Voiceless Voiced  Voiceless Voiced 
ripa riba zita zida prika priɡa 
lepa leba ʒeta ʒeda dneka dneɡa 
tʃapa tʃaba xrata xrada tsaka tsaɡa 
nopa noba tsota tsoda zoka zoɡa 
mupa muba ʃtuta ʃtuda bruka bruɡa 
 
Materials for fricatives (a phonological transcription) 
Labiodental  Alveolar  Post alveolar 
Voiceless Voiced  Voiceless Voiced  Voiceless Voiced 
krifa kriva zisa ziza priʃa priʒa 
tsefa tseva sesa seza neʃa neʒa 
nafa nava ʃasa ʃaza plaʃa plaʒa 
ʒofa ʒova drosa droza moʃa moʒa 
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	
Materials for stops (a phonological transcription) 
Bilabial  Dental  Velar 
Voiceless Voiced  Voiceless Voiced  Voiceless Voiced 
rip rib zit zid prik priɡ 
lep leb ʒet ʒed dnek dneɡ 
tʃap tʃab xrat xrad tsak tsaɡ 
nop nob tsot tsod zok zoɡ 
mup mub ʃtut ʃtud bruk bruɡ 
 
Materials for fricatives (a phonological transcription) 
Labiodental  Alveolar  Post alveolar 
Voiceless Voiced  Voiceless Voiced  Voiceless Voiced 
krif kriv zis ziz priʃ priʒ 
tsef tsev ses sez neʃ neʒ 
naf nav ʃas ʃaz plaʃ plaʒ 
ʒof ʒov dros droz moʃ moʒ 
ruf ruv plus pluz luʃ luʒ 


 
 
